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Abstract 
Computer evaluation of sleep can now be possible by us ing 
a new device the Oxford Medilog 9000 System wi th Sleep 
Stager, which is based on the stage-scoring criteria edited 
by Rechtschaffen and Kales (1968). Several studies of testing 
the reliabili ty of the Sleep Stager by applying it to the 
normal sleepers with the old software (version 3.0 and older) 
have already been completed, but the results are still in 
conflict. In our sleep laboratory (CUHK), the software of the 
Sleep Stager has just recently been upgraded. This study aims 
at evaluating the reliability of the Sleep Stager with the new 
software (version 5.4). 
In this study, In order to demonstrate the Main Scorer's 
scoring skill, two evaluations of the reliability of the Main 
Scorer (the candidate) were conducted: (a) Intra-Scorer 
Agreement by comparing the results scored twice visually by 
the main scorer herself; (b) Inter-Scorer Agreement by 
comparing the results obtained from the Main Scorer, a Senior 
Technician and a Technician. Then two main aspects about the 
reliability of the Sleep Stager were evaluated: (a) Intra-
Stager Agreement by comparing the results scored twice 
automatically by the Stager itself; (b) Scorer-Stager 
Agreement by comparlng the results obtained from the Stager 
and the Main Scorer. Particular attention was also paid to 
whether there were differences between applying the Sleep 
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Stager to the normal subject group and to the patient g r oup. 
The Kappa statistic (Cohen, 1960) was applied In this 
study with the 4F BMDP statistical programme for assessing 
the degree of agreeability between the different methods of 
measurement and between the different measurements of the same 
method. 
The results of this study indicated that the Intra-Scorer 
Agreement (82.9%) , the Inter-Scorer Agreement between the Main 
Scorer and the Senior Technician (84.3%) and the Intra-Stager 
Agreement (89.9%) were strong agreeable respectively. Both 
the results of the Inter-Scorer Agreement between the Main 
Scorer and the Technician (75.5%) and the Stager-Scorer 
Agreement 
It was 
(63.4%) were fair to good agreeable respectively. 
also found that the Sleep Stager performed 
statistically significantly better on normal sleepers than on 
disturbed sleepers. 
It is concluded that the Sleep Stager (version 5.4) has 
certainly solved some of the previous problems (e. g., the 
start and end time can be pre-set for positioning the time 
quite precisely on each epoch). Although the Sleep Stager 
can score sleep well in those epochs which are most well-
defined, it is still weak in scoring those epochs which are 
in the stage-transitional periods or containing artefacts. 
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.:: CHAPTER 1 
INTRODUCTION 
1_ Introd..u.ction. 
Polysomnography (polygraphic sleep measurement) is a 
method of research widely used in sleep laboratories, both 
for the clinical study of sleep and for the evaluation of the 
therapeutic effectiveness of drugs acting on sleep, since it 
can provide data of sleep processes and sleep related 
physiological phenomena, such as: the occipital and parietal 
EEGs (electroencephalograms), eye movements, and muscle 
potential, and in certain cases ECG (electrocardiogram), 
measurement of respira'tion, etc. (Hartmann, 1980), which can 
be used as indicators reflecting the mental or physical state 
of a human being (Hasan, 1983). 
This method has the obvious advantage of providing a 
continuous minute-by-minute record of the entire night's sleep 
(Hartrnann, 1980), which is essential for the precise diagnosis 
of certain clinical syndromes such as sleep apnoea or 
nocturnal myoclonus (Rosekind et al., 1978). It l.S on the 
basis of this technique that sleep can be classified into 
different stages (Rechtschaffen and Kales, 1968), and many 
recent advances have been made, and it is this technique that 
has allowed the sleep researchers to classify and to 
understand at least some of the sleep disorders in recent 
years (Hartmann, 1980). 
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One of the limitations of such a traditional sl eep 
analysing method is that conventional, visually analysed sleep 
studies (manual scoring) are tedious, laborious, time-
consuming and expensive. During a single night, a paper 
recording approximately 400-500 metres long, is produced, the 
manual scoring of which usually takes several hours or 
sometimes longer than a day. The number of subjects, which 
can be used for a single project, is thus relatively small 
and epidemiological studies with these methods are practically 
impossible. Addi 'tional weaknesses of the manual scorlng are 
that essential information about the quantities and temporal 
distributions of various electrophysiological phenomena cannot 
be acquired with reasonable effort and due to the subjectivity 
of the human interpretation of sleep records the inter-rater 
reliability is relatively low (Hasan, 1983). 
Hence there ~s a definite need for rapid, reliable and 
inexpensive methods of sleep recording and especially for 
methods in the analysis of the recordings. With the progress 
in computing knowledge, a new computer device - the Oxford 
Medilog 9000 System with Sleep Stager (Oxford Medical Systems, 
Abingdon, England, 1985, 1988) has recently been developed and 
introduced to the market with the aim of overcoming some of 
the previous problems (Crawford, 1986; Ferri et al., 1989), 
such that polysomnography is no longer limited to conventional 
manual scoring as the only polygraphic method of analysis of 
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sleep. 
The Medilog can be applied in both the home and hospital 
environments and it can not only offer the capabili ty of 
monitoring polygraphic sleep patterns for 24 h, provide for 
efficient long-term data storage in a C-120 cassette tape, and 
display the recorded data on the screen of the Medilog Display 
Unit, but also can automatically analyse the results (computer 
staging) through the Sleep Stager. Therefore, it is of great 
convenience to both the investigators/technicians and 
subjects/patients as they · are. not required to stay at the 
sleep laboratory durin'g the recording night, and computer 
staging can certainly save the investigators a lot of time, 
provided that the results of the automatic analysis made by 
Medilog Sleep Stager are reliable. 
The Medilog Sleep Stager, which is a device designed for 
mimicking manual scoring, is built with separate detectors for 
each basic feature of the ' polygraphic record used for sleep 
scoring according to the recommendations of Rechtschaffen and 
Kales (1968). It can review a period of recorded sleep, 
allocate a stage to each epoch and print out the results in 
the form of various sleep statistics, a hypnogram and a print-
out of 'how each epoch was scored' (Medilog SS-90-III Sleep 
Stager, 1988). 
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A comparlson of Medilog 9000 recordings of 24 normal 
sleepers with conventional in-laboratory polysomnography 
revealed that the Medilog 9000 reliably reflected standard 
sleep parameters (Sewith et al., 1985 a, b), and in a report 
of 339 ambulatory sleep studies the Medilog 9000 gave 
technically acceptable recordings in 90-97% of all stUdies 
and was acceptable to most patients (Hoelscher et al., 1987). 
Most interests have been taken in the reliability of the 
Sleep Stager. Several studies have already been completed in 
order to test the Sleep Stager's reliability (Crawford, 1986; 
Holler et al., 1986; Kubicki et al., 1989; Palm et al., 1989; 
Ferri et al.,1989), but results frequently have conflicted. 
Hence further and more detailed studies are needed. In 
addition, the above studies were mainly carried out using old 
software (version 3.0 or older), but a new software (e.g., 
version 5.4) of the Sleep Stager is now available, so there 
is a definite need for seeing whether some of the previous 
problems have been solved and whether the accuracy of stage-
scoring has been improved by the new software version of the 
Stager. 
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In this study, with methodological modifications and an 
upgraded software (version 5.4), the reliability of the 
Medilog Sleep Stager was evaluated by comparing the results 
of manual scoring and computer staging obtained from each of 
the same individual epoch. Both groups of normal and disturbed 
sleepers were included in the study in order to obtain an 
objective overall result. 
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::: CHAPTER 2 
LITERATURE REVIEW 
2 _ Li tera.ture Review 
2.1) Some Basic Concepts/Situations of Sleep 
2.1.1) Definition and function of sleep 
What people know is that sleep occupies one-third of 
their lives and is a complex state, but the definition of it 
is not easy to make. 'Sleep is a regular, recurrent, easily 
reversible state of the organism characterized by relative 
quiescence and by a great increase in threshold of response 
to external stimuli (Hartmann, 1980).' Thus, the basic 
defini tion of sleep is behaviourial. Besides, certain EEG 
and polygraphic characteristics can now be accepted as part 
of the defini tion of sleep because of their regular and 
constant association with the behaviour of sleep and because 
obviously, the major determinants of the state of sleep occur 
in the brain (Hartmann, 1980). However, the EEG changes which 
are often considered as the characteristics of sleep may be 
deceptive (Hartmann, 1980). For instance, the deep slow waves 
usually associated with sleep can be found under certain 
pharmacological conditions in the waking state. 
Despite 50 years of research, the only fact that sleep 
researchers can conclude about the function of sleep is that 
it overcomes sleepiness, and that the only reliable finding 
from sleep deprivation experiments is that sleep loss makes 
people sleepy (Horne, 1989). Up to now, nobody has the real 
answer to why people sleep, as much is still unknown. 
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2.1.2) Methods of studying sleep 
The methods of studying sleep can be divided into two 
major groups: subjective report and objective measurements. 
The objective measurements involve the use of an objective 
human observer, a device sensitive to the movement of bed-
springs, and polysomnography, etc. (Hartmann, 1980) . 
Polysomnography can now be further classified into the 
traditional polysomnography and the polysomnographic 
telemetry. The latter can include the Telediagnostic System 
(recording sleep in clients I homes by telephone) (Coates et 
al., 1978, 1979; Rosekind MR, 1978) and the Oxford Medilog 
9000 System (Sewitch et al., 1985 a, b). Some adjunct 
monitoring techniques (such as: wrist actometer, nightcap, 
etc.) have also been developed and applied to some of the 
sleep studies (Aubert-Tulkens et al., 1987; Mamelad et al., 
1989) . 
2.1.3) A typical night of sleep 
As a subject (young, healthy, normal sleeper) falls 
asleep, his/her brain waves go through certain characteristic 
changes, classified as stage 1, 2, 3, 4 and REM (rapid eye 
movement sleep). Waking EEG is characterized by alpha waves 
(8-13 cps) and low voltage activity of mixed frequency. Then, 
associated with drowsiness, the EEG begins to show a 
disappearance of alpha acti vi ty. Stage 1, considered the 
lightest stage of sleep, is characterized by relatively low 
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voltage, regular 3-7 cps activity. After a few seconds or 
minutes this gives way to stage 2, a pattern characterized by 
frequent 12-14 cps spindle-shaped tracings, known as "sleep 
spindles 11 and by certain high vol tage spikes known as "K 
complexes", superimposed on a background similar to stage 1. 
In a few more minutes delta waves - high voltage activity at 
0.5-2 cps - make their appearance (stage 3), and eventually 
these del ta waves occupy the major part of the record 
(stage 4). 
Sleep is cyclical, with four or five periods of 
"emergence" from stage 2, 3, and 4 to a stage REM, which ~s 
the period associated with frequent dream recall and 
characterized not only by stage 1 EEG but also by rapid 
conjugate eye movements. The other factors distinguishing 
REM periods from the remainder of sleep stages are a great 
irregularity in pulse rate, respiratory rate, and blood 
pressure, the presence of full or partial penile erections in 
the male, and a general muscular atony interrupted only by 
sporadic movements in small muscle groups. 
The cyclical nature of the night's sleep is quite 
regular. A REM period occurs approximately every 90-100 min 
during the night. The first REM period tends to be the 
shortest, often lasting only 5 or 6 min, while the later REM 
period may last 20-40 min. Most REM sleep occurs in the last 
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third of the night, whereas most stage 4 sleep occurs I n the 
first third of the night (Hartmann, 1980). 
It is worth emphasizing, however, that the sleep pattern 
will change gradually with the increase of age. The older 
subjects spend more time awake, have low sleep efficiency and 
sleep maintenance, display a decreased REM latency, and spend 
less time in delta sleep (Ehlers, et al., 1989). 
Generally speaking, there is a considerable variation of 
sleep patterns from person to person, but it tends to be 
stable in the same individual person. 
2.1.4) Classification of sleep disorders 
Briefly, sleep disorders can be divided into four maJor 
groups: (1) Insomnia is a complaint of difficulty in falling 
asleep or remaining asleep. It accounts for the great 
majority of all sleep complaints. (2) Hypersomnia or 
excessive sleep includes periods of daytime sleep when sleep 
is not desired. (3) Excessive daytime sleepiness sometimes 
is associated with the other complaints listed, but sometimes 
occurs alone as a clear-cut "chief" complaint. 
sleep disturbances (Hartmann, 1980). 
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(4) Episodic 
2.2) Visual Classification of Sleep Stages 
2.2.1) The standardized scoring rules 
Since the important significance of the need for a 
standard scoring system to score sleep was realized by the 
sleep researchers, an international committee was set up and 
as a result of its work "A Manual of Standardized Terminology, 
Techniques and Scoring System for Sleep Stages of Human 
Subjects" was published (Rechtschaffen & Kales, 1968). Up to 
now, the rules have still been being followed by many sleep 
researchers, although it has often been strongly criticized 
( La i ry, 1977). 
2.2.2) Placement of the electrodes 
According to the standard scoring cri teria edi ted by 
Rechtschaffen and Kales (1968) (Diagram 2-1), the recording 
sites are C3-A2 or C4-Al for the EEG, the outer canthus of 
each eye for EOG, and the muscle areas beneath the chin for 
EMG. Thus one EEG channel is sufficient, but two EOG channels 
are needed for accurate separation of eye movements from high 
amplitude, slow frontal EEG activity. If it is necessary to 
measure the ECG and respiration in some cases, specific ECG 
electrodes and specific sensors can be used to check various 
respiratory movements/activities including nasal, oral, 
thoracal and abdominal respirations. The polygraph lS 
continuously run at a speed of 10 or 15 mm/s and sleep stages 
are classified in epochs of 30 or 20 Se 
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2.2.3) Recording procedure 
Before a patient's or a subject's arrival, a technician 
or a sleep researcher has to prepare the equipment, including 
adjusting/calibrating the polygraph machine, preparing the 
paper and the electrodes which have to be used during the 
period of recording. 
After having explained the relative recording procedure 
to the subject, the sleep researcher can place the electrodes 
on the subject's head and body, depending on what electro-
physiological data he/she intends to obtain. 




conventional check should be conducted to see 
channels and the polarities are correctly 
Then one or two minutes of EEG, EOG, EMG and 
related electrophysiological parameters are written out 
including the signal of blinking, nodding and chewing, so that 
a record can exist of common artefacts which aids ln the 
identification of possible artefacts appearing further in the 
recording. When all channels are working correctly, the sleep 
researcher can allow the subject to begin to sleep. 
During the entire night, the sleep researcher has to 
observe the subject's sleep and he/she may need to adjust the 
buttons of the polygraph machine (e.g., high frequency, time 
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constant, and sensitivity) to make the signal clear if 
necessary. 
After recording an entire night's sleep, the electrodes 
can be removed with acetone on a cotton wool swab and cleaned 
for next time. The entire night's sleep recording need to be 
analysed visually by the sleep researcher. 
2.2.4) Individual EEG waveforms and other sleep parameters 
Delta activity (0.5 - 2 cps, 75 or above 75 uV) 
The physiological mechanisms of delta waves are not known 
exactly, neither is it known, which of the measures reflects 
the actual brain processes most accurately. However, ln a 
study of the ontogeny of delta activity during sleep, it was 
found that the delta activity recorded from the frontal and 
central derivations were not in the same phase, indicating 
that they were generated from different sources (Smith, 1977). 
In fact, besides wakefulness and stage 1, the · least 
agreement between human raters occurs in the analysis of the 
sleep stages reflecting delta activity (Monore, 1967; Martin 
et al., 1972; Smith et al., 1978). Visual scoring of delta 
waves in addi tion to being unreliable, 1S also extremely 
laborious and time consuming, which is why some laboratories 
prefer to classify stages 3 and 4 as a single entity (e.g. 
Feinberg et al., 1967; Palm et al., 1989). 
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Theta activity (3-7 cps) 
Theta activity are series of regular or irregular EEG 
waves with durations of 1/4 to more than 1/8 seconds (may be 
seen in stage 1 or REM sleep). 
Although the saw-tooth waves of REM sleep are l.n the 
theta range (Dement & Kleitman, 1957; Rechtschaffen & Kales, 
1968), it was stated by Lubin et al. (1969) that theta was 
not useful in sleep stage scoring. A prominent variation in 
theta activity between subjects can be seen. 
Alpha rhythm/activity (8-13 cps) 
The alpha rhythm is one of the most important landmarks 
and parameters in EEG studies of wakefulness; usually with 
frequency of 8-13 cps l.n adults; most prominent in the 
posterior areas; present most markedly when the eyes are 
closed; attenuated during attention, especially visual. 
The alpha activity was shown to increase with age (Smith 
et al. 1978) whereas no age related changes were found in the 
alpha frequency (smith et al., 1979), except for the age group 
of 3-5 year-old. The level of alpha activity has been found 
to be relatively stable from night to night for the subject, 
but as expected a significant variation between subjects 
exists (Hasan et al., 1983). 
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Sigma spindles I Sleep spindle (12-14 cps) 
Sigma spindles are defined as rhythmic bursts of waves 
~n the 12-14 cps range, which are clearly visible for at least 
0.5 s (Rechtschaffen and Kales, 1968). Besides being perhaps 
the most important indicators of stage 2, their amount and 
distribution have been studied separately or in relation to 
other phenomena to provide useful information about the sleep 
processes. 
When the spindle rate was compared over the night, it 
was found that the rate was lower during the first cycle, 
increased during the second cycle and remained constant for 
the rest of the night (Azumi et al., 1975). When plot ted 
against the sleep stage, the cycle pattern of the spindle 
activity was directly related to the REM-NREM cycles. These 
findings were partly supported by those of Keane et al. 
(1977), who studied the temporal distribution of different 
EEG waveforms in various age groups. The number of spindles 
Imin declined towards the end of the night for all groups. 
However, it has been reported (Gaillard and Kafi, 1981) that 
the spindle density was the same in stages 2, 3 and 4 and that 
the density ~n NREM sleep was constant throughout the 
recording and showed no cyclic variation. The interpretation 
was then that the decline of spindle density towards the end 
of the night observed by others had been due to the increasing 
proportion of REM sleep. 
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In a study performed by Smi th et al. (1979) the spindl e 
rate was highest for young adults and significantly lower for 
other age groups. This result was, however, influenced by 
using the same detection criteria for all age groups. 
Therefore part of the spindle bursts, especially in the two 
youngest groups, may have remained undetected. Small 
differences in the average length of the sleep spindles were 
found, but no systematic trends with age were found. 
In a study of the sex variations of spindle density of 
normal subjects, more than twice as much spindle activity was 
found ~n the females than ~n the males (Gaillard & Kafi, 
1981) . 
Beta activity (over 15 cps) 
The beta activity is not used as a parameter for visual 
sleep stage scoring (Rechtschaffen & Kales, 1968; Williams et 
al., 1974). 
Like most other waveforms, the level of beta has been 
found to be relatively stable from night to night for the 
subject, but the variation between subjects is prominent 
(Hasan et al., 1983). Some drugs (e.g., Clorazepate 
dipotassium) markedly increases the amount of beta activity 
in wakefulness and sleep stages 1, 2 and REM (Smith et al., 
1976). The effect was reduced during withdrawal, but the 
15 
differences were still significant when compared to the 
placebo nights preceding the drug intake. This indicates that 
the beta activity 1S also a sensitive parameter for drug 
studies. 
K complexes 
K complexes are one of the EEG wave forms having a well-
delineated negative sharp wave immediately followed by a 
positive component; the duration exceeds 0.5 seconds; waves 
of 12-14 cps (sleep spindles) mayor may not constitute a part 
of the complex; generally maximal over vertex regions; 
occurring during sleep either spontaneously or in response to 
sudden (usually auditory) stimuli. K complexes are thought 
to be the characteristic of stage 2 sleep. 
Rapid eye movements 
Stage 1 is indicated by slow eye movements and stage REM 
by slow and rapid eye movements (REMs), often superimposed 
(Dement and Kleitman 1957b, Rechtschaffen and Kales, 1968). 
Probably more systems have been designed for the detection of 
REMs than for any other waveforms. This may be due to the 
association of REMs with dreaming (Dement and Kleitman, 1957a) 
as well as with the fact that measurement of the EEG is not 
sufficient for sleep stage scoring (e.g. Larsen and WaIter, 
1970; Martin et al., 1972; Smith et al., 1978), but another 
measurement, usually an EOG and sometimes also recording of 
16 
submental muscle tonus 
required. 
(Gaillard and Tissot, 1973) lS 
The EOG signal 1S recorded at a time constant of 0.3 s 
to reduce the error in scoring caused by the slow eye 
movements of stage 1 as well as the high amplitude and the 
slow EEG activity of stages 3 and 4. 
Submental muscle tonus 
EMG is mainly used for the differentiation of REM sleep 
and wakefulness where rapid eye movements are similar. 
Body movement 
Body movement during sleep was extensively measured prior 
to the period when EEG technology became sufficiently advanced 
to be useful (Johnson et al., 1926; Renshaw, 1932; Mullin et 
al., 1933; Meyers et al., 1940). 
Body movements are not used as sleep stage scoring 
criteria, except to determine Movement Time (MT), caused by 
so much movement artefact that sleep stage determination 1S 
not possible (Rechschaffen and Kales, 1968). However, it is 
known that different kinds of movement patterns are associated 
wi th different sleep stages and stage changes (Grossman, 
1976). REM sleep is known to be associated with small, jerky 
movements, only possible to detect by direct observation 
17 
(Dement and Kleitman, 1957b) through electrodes attached t o 
the extremities (Sassin & Johnson 1968, Gardner & Frossman 
1976) or with a "sensitive bed" with a large dynamic range 
(Alihanka & Vaahtoranta 1979). Stages 3 and 4 are associated 
with relative motor silence whereas the termination of a slow 
wave sleep period, usually stage 4, is associated with gross, 
long lasting body movement (Gastaut & Broughton, 1968). 
During stage 2 body movement have been found to be more 
abundant before entering slow wave sleep and stage REM than 
during stage 2 following these periods (Muzet et al., 1972). 
Thus it was stated that body movements may be used as 
predictors of a stage change. 
Heart rate 
The heart rate and heart rate variability have been found 
to reflect the change in the sleep cycle relatively well (Bond 
et al., 1973; Harper et al., 1976; Lisenby et al., 1976), but 
so far the heart rate variability has not been used alone in 
clinical and experimental studies for sleep stage 
determination (Hasan, 1983). 
In conclusion, although the stage-scoring method to some 
extent is based on the proportion of individual waveforms, 
some authors believe that individual waveforms can better 
reflect the brain processes underlying sleep phenomena than 
the sleep stages (Fein et al., 1981; Hasan, 1983). 
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2.2.5) Classification of sleep stages 
The essentials of the scoring criteria of sleep stages 
are briefly as follows (Rechtschaffen & Kales, 1968; Hasan, 
1983) : 
Stage W. (wakefulness, 
voltage, mixed-frequency 
movements. 
sW): Alpha activity and/or low-
EEG. High EMG tonus and eye 
Stage 1. (sl) Relatively low-voltage, mixed-frequency 
EEG with a prominence of activity in the 2-7 cps range and 
without rapid eye movements. Absolute absence of clearly 
defined K complexes and sleep spindles. 
Stage 2. (s2) Presence of 12-14 cps sleep spindles and/or 
K complexes on a background of relatively low voltage, mixed 
frequency EEG activity and absence of sufficient high-
amplitude, slow activity to define the presence of stage 3 
and 4. 
Stage 3. (s3) At least 20% but no more than 50% of the 
epoch consists of EEG waves of 2 cps or slower, which have 
amplitudes greater than 75 uV from peak to peak~ 
Stage 4. (s4) More than 50% of the epoch consists of the 
above mentioned high-amplitude, slow delta waves. 
Slow-wave sleep. (SWS) Sometimes used as a synonym for 
stage 3 and 4 sleep. 
19 
Stage REM. (sR) Concomitant appearance of relatively low-
voltage, mixed-frequency EEG activity and episodic REMs. The 
level of the submental EMG tonus is "relatively" low, i.e. at 
least not higher than during the preceding stage. 
Movement Time (MT, sM): Scoring epoch is obscured by 
movement of the subject. 
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2.3) Computer Analysis of Sleep 
2.3.1) Two main purposes of computer analysis of sleep 
Computer analysis of sleep can be used for 2 main 
purposes: (a) the system can be designed for finding out what 
types of electrical events exist within a recording, without 
any predetermination of the events looked for; (b) it can be 
used mainly to quantify how common certain types of events 
are, thus predetermining the nature of the activity examined 
(Hasan, 1985). This predetermination can be made in terms of 
frequency, amplitude and duration. 
2.3.2) "Nonspecific" sleep analysing systems 
There have been basically two different approaches to 
automatic sleep analysis. 
methods, mainly spectral, 
One approach was to use preexisting 
period or amplitude analysis, in 
order to "see, what can come out of such studies". The second 
approach was to design special-purpose devices for the 
measurement of specific electrical events. 
The first system used for a quantitative sleep EEG data 
analysis was an analogue spectrum analyser (Knott et al. I 
1942) . All the essential characteristics of normal sleep, 
which can be measured by more modern methods, namely the sigma 
activity of stage 2 sleep, the dominance of slow activity in 
all stages and the alpha peak of wakefulness could already be 
demonstrated. Later digital methods were developed and 
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applied for spectral analysis, based on the fourier trans f orms 
and in particular the Fast Fourier Transform (FFT). 
Also one of the first methods used in sleep analysis was 
period analysis (Itil et al., 1969; Roessler et al., 1970). 
Period analysis is based on the counting of the number and the 
duration of consecutive zero-crossings with or without 
prefiltering and with or without taking into consideration the 
amplitudes of the waves. Period analysis can be performed 
both by analogue and digital methods. 
Rather similar results can be obtained by the Fourier 
and period analysis. Wi th Fourier analysis (e. g. ,FFT) a 
single value for each frequency band is obtained. 
One advantage of period analysis over the FFT method is 
that the former needs less computer capaci ty and off-line 
analysis can be performed in high speeds (up to 64 times real 
time) even with relatively simple, low-cost equipment. 
2.3.3) Specific method 
Hybrid system 
The first special-purpose systems were originally 
designed for automatic sleep stage scoring. Because both 
analogue and digital measurements were combined, they were 
called hybrid systems. A hybrid system 1.S most usually 
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constructed from 2 maln components: special-purpose hardwar e 
and a general purpose digital computer. The hardware includes 
a separate channel for each waveform. Similar waveforms to 
those applied ln visual scoring are measured, and the 
automatic sleep stage scoring rules are based on the 
principles of visual scoring. Practically all systems have 
a channel for delta, alpha, sigma, beta and rapid-eye-movement 
(REM) activity. Some systems also include additional channels 
for theta and muscle activity. Some workers have found the 
latter more reliable than REM activity for the separation of 
REM sleep from other states. Different methods of waveform 
measurement have been applied, namely band-pass filtering 
combined with integration and level detection, period analysis 
combined wi th ampli tude level detection and pa t tern 
recogni tion and phased-locked loops. Recently new methods 
such as matched and inversed digital filtering combined with 
spectral analysis and complex demodulation, which is less 
sensitive to variations in the frequency and amplitude of the 
measured phenomenon, have been developed. 
Miscellaneous methods 
Two digital methods have been based on a similar idea to 
the hybrid systems, namely the detection of the most 
significant events related to sleep stages and the use of 
cri teria resembling those of visual analysis. One of the 
first reliable methods for automatic sleep analysis was 
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developed by Martin et al. (1972). This was plonee r wo r k : th e 
content of the sleep EEG had not yet been studied very 
thoroughly, electronic equipment was more modest and micro 
processors were not available. The system was originally 
based on the pattern recognition of digitally produced EEG 
spectra. Later, a new type of programme for the measurement 
of the delta waves was designed. The REMs were analysed using 
a separate programme. The algorithm designed for sleep stage 
scoring was very elegant. The system was not applied to the 
analysis of disturbed sleep. 
The method of Martens et al. is based on concomitant 
matched and inversed filtering. Initially and FFT analysis 
is applied to the EEG signal in order to determine the exact 
frequency distributions of the most dominant activity peaks. 
The ranges of the band-pass filters are matched thereafter. 
After the filtering the activity is quantified. The rapid 
eye movements and submental muscle tonus are quantified 
separately. The system is able to handle four different 
subjects at the same time. 
To overcome the problem of overlapping EEG 
characteristics in different sleep stages a compact device 
was developed by Kumar (1977). It was based on so-called 
fuzzy algori thms and implemented totally in hardware. The 
method provided real-time output and had good man-machine 
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agreement (90%). Later, the system Tt-TaS complement e d by a 
spindle detector. Another completely digital system based on 
fuzzy algorithms has also been developed. 
2.3.4) The reliability of automatic sleep stage scoring 
According to Hasan's exper1ence, it 1S relatively easy 
to develop a device to score the sleep of a young healthy 
human, but problems arise in the analysis of disturbed sleep 
and to some extent the sleep of different age groups (Hasan, 
1983; 1985). Most of the successful automatic systems are 
based on the hybrid principle. Good man-machine agreement in 
sleep stage scor1ng has been obtained, approaching that of 
human scorers in the same laboratory and being approximately 
on the same level of agreement as between scorers from 
different laboratories. For the whole-nights the man-machine 
agreements reported have been between 80% to 85% for normal 
or slightly disturbed sleep (Martin et al., 1972; Gaillard et 
al., 1973; Kumar, 1977; Smith et al., 1978; Hasan, 1983) and 
65% to 75% less for markedly disturbed sleep (Hasan, 1983). 
For the individual sleep stages the highest agreements have 
been obtained for stage 2, stage 4 and stage REM (80% to 90%) 
and the lowest for stage 1 and stage 3 (30% to 50%). The 
agreements obtained for W have been highly variable, being 
from 40% to 50% in some studies and 80% in others. 
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2.3.5} Automatic analysis of individual waveforms 
EEG waveforms 
The detectors of the hybrid systems have been used for 
the quantitative analysis of individual waveforms with good 
success (Smith, 1978; Pigean et al.; 1981; Hasan, 1983,1985). 
The frequency and duration, and sometimes also the amplitude 
range of the analysed waveforms, are predetermined and 
therefore information about the frequency bands outside the 
chosen ranges is not obtained. With these types of detectors 
careful pre-evaluation of the selected frequency bandwidth is 
of vi tal importance. In many cases, especially studies 
dealing with drug research or markedly disturbed sleep, it is 
worthwhile applying a more general method I for instance, 
spectral analysis of visual inspection to aid the selection 
of which types of bursts to quantify. Another possibility is 
to use a sufficient number of detectors so that all frequency 
bands will be covered, or to develop self-adjusting ones. 
Recently work has been done for the development of 
special purpose devices designed to measure sigma spindles. 
The most recent systems are usually further developments of 
the analogue detectors used for hybrid systems and are based 
on small, low-cost micro-processors. In addi tion to the 
frequency and amplitude measurements provided by the earlier 
detectors, the variability of the waves within the burst, as 
well as the shape sometimes called the envelope can also be 
26 
measured. The changes In the envelope of the spindl e may 
provide valuable information in certain conditions. 
Other waveforms 
Almost every automatic sleep stage scorlng system 
includes a procedure for REM detection. Both hardware and 
software implementation have been utilized. In addition, some 
REM detecting devices have been constructed to be used 
separately, usually as so-called "dream detectors". 
The analysis part was implemented using a low-cost 
microcomputer. Relatively good agreement (over 90%) with 
conventional polygraphic methods was obtained ln the 
differentiation between wakefulness and sleep. 
The heart rate and heart rate variability have been found 
to reflect the changes ln the sleep cycle relatively well 
(Lisenby et al., 1976). The NREM sleep stages can be 
separated from wakefulness, stage 1 and the REM stage with 
quite good accuracy. As wakefulness cannot be separated from 
stage 1 and the REM stage the method is not very practical to 
be used as the only means of sleep analysis. 
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2.3.6) Automatic sleep analysis ln practice 
The automatic systems have shown their real value in the 
analysis of individual waveforms. Most of the studies ln 
which the analysis of EEG waveforms have been applied are 
pharmacological. This is particularly the case wi th an 
increase in the beta activity caused by a drug (Smith et al., 
1976) . 
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2.4) Medilog System 
2.4.1) Background of the Medilog System 
Oxford's Medilog 9000 Ambulatory Monitoring System has 
a long history of development (18 years). Its 4-channel 
predecessor was originally developed as a 24-h ECG hol ter 
monitor recording both direct arterial pressure as well as 
ECG in the form of a rhythm strip (Little et al., 1972). 
The Medilog System was first adapted for sleep monitoring 
by Wilkinson and Mullaney (1976) using the older, 4-channel 
system. They generated a single 24-h recording on a small 
number of normal subjects (3 were male) (3 male, 1 female). 
One brain and two eye channels were recorded, but the 
submental chin EMG was omitted. 
In its present form, the Oxford Medilog 9000 is an eight-
channel ambulatory cassette recording system (Oxford Medical 
Limited, 1987). Monitoring capabilities include EEG, EOG, 
EMG, ECG, measurements of respiration, etc.. Addi tional 
features include digital time recording at 1-s intervals and 
an event marker. The battery-powered recorder measures 152mm 
x 112mm x 40mm, weighs 700 g with cassette and batteries, and 
can be worn on a belt or shoulder strap. A standard C-120 
compact cassette can record up to 24 h of data. The recorded 
data can not only be written onto the chart paper via the 
write-out unit, but also directly scanned on the screen. 
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Moreover, automatic analysis of sleep data can now be possibl e 
by using the Sleep Stager (Oxford Medical Limited, 1985, 
1988) . 
2.4.2) Capabilities of the Medilog System 
A complete set of the Medilog 9000 System consists of 
the following parts: (a) an ambulatory recorder with 
amplifiers and lead wires; (b) a Replay and Display System (a 
Replay and Display Unit; a control keyboard; a Write-out Unit; 
a signal processing unit and a compatible printer); and (c) 
an optional Sleep Stager (e.g., Medilog SS-90-III, which 
includes filters; threshold detectors and an 8748 
preprocessor) . 
2.4.3) Advantages and disadvantages 
One of the great advantages of the Medilog System is that 
it does not require all-night technical monitoring, and the 
sleep recordings can be analysed by using a computer - the 
Medilog Sleep Stager. 
One of the disadvantages of the system 1S the problem of 
the losing data, for various reasons. For example, in some 
special cases, the electrodes may be torn off carelessly by 
the subjects, though this kind of thing does not often happen. 
However, in a study made by Sewitch et al. (1985 a, b), it was 
found that the Medilog system lost only 9% of the data, while 
30 
the Telediagnostic system lost 23% of the data. 
2.4.4) Principle of the design of the Medilog Sleep Stager 
The staging process of the Medilog Sleep Stager is 
divided into four parts as follows (Crawford, 1986; Medilog 
SS-90-III Sleep Stager, 1988): (1) The basic features used 
for sleep scoring each have their own detector, for example, 




indicated when there is a simultaneous rate of 
opposite sign in both channels of certain 
(2) The detector outputs are moni tored by a 
microprocessor which applies further criteria such as spindle 
duration. This information is then assembled as percentages 
into 2-second 'mini-epochs' of data. (3) These mini-epochs 
are then accumulated into longer epochs by a second 
microprocessor, which then tentatively scores each epoch into 
stages. The available epoch lengths include 20 s or 30 s, 
(later version) and 40 s (earlier version). (4) These 
'tentative' stages are then refined in view of the epoch's 
context. The object of this is to ensure adherence to the 
finer details of Rechtschaffen and Kales' criteria (1968). 
For instance, epochs which would individually be scored as 
stage 1 must be converted to stage REM if they adjoin a REM 
epoch and if tonic EMG is at the stage REM level. 
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2.4.5) A review of the reliability of the Medilog Sle e p Stager 
At least 5 studies regarding the reliabili ty of t he 
Medilog Sleep Stager have already been completed Slnce 19 8 6 
(Crawford, 1986; Holler et al., 1986; Kubicki et al., 1 989 ; 
Palm et al., 1989; Ferri et al., 1989). A comparative stu dy 
of three related scoring methods (screen-by-screen scoring, 
rapid screen scoring, and conventional paper scoring) has also 
been carried out (Hoelscher et al., 1989). Table. 2-1 shows 
the information related to these studies. 
Before describing and discussing all these studies, the 
candidate would first like to clarify the meaning of some 
terms which are commonly used in all these studies (and even 
in many other studies related to this field) as she 
understands them. 
(l) manual scoring, visual scoring, visual analysis, visual 
assessment, or conventional paper scoring: a sleep recording 
(usually a paper polysomnogram) is scored/analysed by a human 
scorer. 
(2) computer staging, automatic staging, automatic analysis, 
automatic assessment, or automatic scoring: a tape 
polysomnogram is staged/analysed by a computer (e.g., a 
Medilog Sleep Stager). 
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(3) intra-scorer agreement or intra-judge agreement: re s ul t 
of the comparison between the data of a sleep recording 
(usually a paper polysomnogram) scored at least twice by the 
same human scorer, which can be presented as a percentage to 
reflect the degree of agreement. 
(4) inter-scorer agreement or inter-judge agreement: result 
of the comparison between the data of a sleep recording 
(usually a paper polysomnogram) scored independently by at 
least two human scorers independently, which can be presented 
as a percentage to reflect the degree of agreement. 
(5) intra-Stager agreement: result of the comparison between 
the data of a sleep recording (tape polysomnogram) staged at 
least twice by a Sleep Stager, which can be presented as a 
percentage to reflect the degree of agreement. 
(6) scorer-Stager agreement: result of the compar1son between 
the data (usually the consensus) of a sleep recording (paper 
polysomnogram produced by connecting the Medilog wri te-out 
unit with a polygraph machine) scored by the human scorer(s) 
and the data (usually the consensus or mean) of the same 
recording (tape polysomnogram) staged by a Sleep Stager, which 








No. of Epoch 
epochs length Comparisons 
Crawford 20N 11,960 40s 40s a*, b* , - , 
(1986) UK (M) (C) 
Holler, et al. 4(N+P) 5,760(?M) 20s 40s - - c , , , 
(1986) FRG 2,800(?C) (M) (C) 
Hoelscher, et al. 5 (N+P) 1,800 20s - b -, , , 
(1989) USA (M) 
Kubicki, et al. 10N 13,850 20s 20s a*, b*, c*, 
(1989) FRG (M) (C) 
Palm, et al. 27(N+P) 29,160 30s 30s - - -, , , 
(1989) Sweden (children) ( ? ) (M) (C) 
Ferri, et al. 4N 2,880 40s 40s - b*, -, , 
(1989) Italy ( ? ) (M) (C) 
N: normal sleepers; 
M: manual scoring; 
P: patients with sleep disorders; 
C: computer staging; 
a: intra-scorer agreement; b: inter-scorer agreement; 
c: intra-Stager agreement; d: scorer-Stager agreement; 
*: epoch-by-epoch comparison ?: an approximate estimate; 








The candidate would like to first discuss the studies of 
the Sleep Stager, the main methods involved and the findings 
of these studies, then the main advantages and disadvantages 
of these studies, and finally the important comments or 
indications of these studies. 
Crawford (1986) carried out an epoch-by-epoch compar1son 
between manual scoring and automatic staging in 11,960 epochs 
(40s/epoch) of 20 recordings. Percentage agreement over these 
recordings ranged from 74-89% (mean 84%). Agreement was 
highest in the identification of those stages which were most 
easily recognisable (e.g., stage 2 with well-defined sleep 
spindles and stage 4 with almost continuous delta activity). 
Disagreement occurred mainly in the ' scoring of periods 
difficult to score unambiguously by human scorers. The 
highest percentage of disagreement (20% of the total of that 
stage) was in the scoring of stage wake which was scored by 
the Sleep Stager as stage 1. Crawford believed that this 
problem arose mainly because of the lack of characteristic 
description in the definition of stage 1. The other area of 
disagreement was the erroneous scoring of relaxed wakefulness 
as periods of stage REM. 
In addi tion, all recordings were scored by Crawford 
herself. In order to demonstrate her scoring skill, she 
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checked her reliability in visual analysis by blindly scorlng 
3 sleep recordings that had already been scored by another 
sleep researcher. Their agreement averaged 82.6%. Repeat 
agreement of Crawford with herself was 92.6%. 
A technical advantage of this study is that a Mingograf 
high-speed writer was used, which is thought to be able to 
avoid the timing errors (so-called "epoch dislocation"). It 
is believed that epoch dislocation resul ting from timing 
errors of the playback unit can be avoided by using an Oxford 
Sleep Stager (SS90MKIII) which can control the scanner's 
capstan speed. The procedure requires a polygraph with high-
speed writing capabilities (e.g., Siemens Mingograf) because 
the only playback speed allowed by the Sleep Stager is 20 
times the recorded speed. Specialized software and hardware 
is also required to place time codes on paper (Hoelscher et 
al., 1989). 
One of the disadvantages of this study is that 40 s epoch 
length used in manual scorlng for matching the computer 
staging seemed to be a little too long and inconvenient for 
human scorers to measure, and it was also easy to make errors. 
At the time of Crawford's study, computer staging at 20 s, 30 
s epoch length had not yet been provided by the system, but 
it is now possible to score automatically at 20 or 30s epoch 
lengths. Another weakness of this study is that only the 
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normal sleepers were included, so there is a need for applying 
this system of analysis to patients with sleep disorders in 
further studies. 
It would have been still worth performing such an initial 
study by even one scorer, but as Crawford commented, that 
evaluation by a range of sleep workers would have been 
preferable. 
Holler et al. (1986) not only made a comparison between 
visual and automatic analyses, but also evaluated the 
repetitive reliability of 
obtained from both normal 
the Sleep Stager in 4 recordings 
and disturbed sleepers. Each 
recording was automatically analysed 3 consecutive times for 
evaluating the intra-Stager agreement, and the means were used 
as data for comparing with manual scoring. It was found that 
the automatically scored sleep onset time was always shorter 
than the visually assessed time, and the automatic analysis 
consistently scored less REM than the visual assessment. 
In the self-comparison of the Sleep Stager, Holler et 
al. explained that some recordings showed variations (e.g., 
in stage 2 and 3) could partly be attributed to slight shifts 
in the start times, because the Sleep Stager they used had to 
be started manually following an acoustic signal that 
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correlates with the pressing of the event button. But th e 
problem of manual controlling can now be overcome with a new 
software version (e.g., version 5.4), In which the time pre-
set system can be provided. 
One of the methodological problems in this study was that 
the visual analysis was performed in 20 s epochs, while the 
automatic analysis was done in 40 s epochs, thus only the 
start and finish times were synchronized, so it was impossible 
to compare the evaluations epoch-by~epoch. 
Although Holler et al. did not carried out the epoch-by-
epoch comparison, they did some detailed studies in each 
recording and reported some findings which are worth noting 
in further studies. For example, the scorer-Stager agreement 
was found to be obviously high in a normal sleeper compared 
to other disturbed sleepers. Another example was that the 
automatic analysis obviously misjudged 13-14 Hz frequency 
waves as 13-14 cps sleep spindles in a . subject whose waking 
EEG type showed a basic EEG activity in the beta frequency 
range, which is a genetic feature found in about 6% of the 
normal population. Thus sleep onset time was automatically 
scored shorter than the visually assessed time. Such examples 
indicated that there may be differences not only when applying 
the system to normal and disturbed sleepers, but also when 
only applying it to normal sleepers. 
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It was explained why a large proportion of REM epochs 
without rapid eye movements were interpreted as awake by the 
automatic analysis. Holler et al. pointed out that the basic 
activity in the dream sleep epochs without rapid eye movements 
often showed an occipital alpha rhythm corresponding to the 
waking state, so the Sleep Stager was thought to have to be 
improved in this respect. 
The study done by Hoelscher et al. (1989) was not 
concerning the reliability of the Medilog Sleep Stager, but 
the methods studied by these investigators have important 
implications to the studying methods of the reliability of 
the Sleep Stager. This study evaluated two methods of scoring 
taped polysomnographic data directly on the i1edilog 9000 
Scanner (screen-by-screen scoring and rapid screen scoring) 
compared with conventional paper scoring. Sixteen taped 
records were scored using the above methods. All scoring was 
done by two accredited clinical polysomnographers (ACPs) and 
a clinical psychology intern who had received extensive 
training in the scoring of sleep stages. 
Acceptable reliability levels were obtained in scoring 
polysomnographic data directly on the Medilog Scanner. Inter-
scorer agreement averages 85.0% for screen-by-screen scoring 
(16-s epochs) and 84.2% for rapid screen scoring (i-min 
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epochs), compared to 87.8% for conventional paper scorlng ( 20-
s epochs). 
It was reported that screen-by-screen scoring could 
obviate the laborious task of printing the taped data on paper 
at real time, but careful scoring required about 3-4 
h/polysomnogram and represented no appreciable time savings 
from scoring a conventional paper record, which required about 
3 h/polysomnogram. In contrast, rapid screen scoring was very 
time-efficient and required an average of only 1 
h/polysomnogram. Rapid screen scoring resulted in somewhat 
lower correlations and slightly larger deviations from paper 
scoring than screen-by-screen scoring but appeared acceptable 
for most clinical purposes. 
One of the advantages of this study was that randomly 
selected 2-h periods from 5 of the 16 polysomnograms were used 
for assessment of inter-scorer reliability. It seems that 
only analysing sleep in the randomly selected segments of the 
reanalysing rather than in each epoch of the recordings was 
a better way to make a comparison, because the former method 
could include more possible situations of sleep and lead to 
obtaining a more reasonable result. 
The disadvantage of this study was that three different 
epoch lengths were used respectively because of the 
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limitations of the equipment available epo c h lengths 
provided by the System were different and could not ma t c h each 
other properly. 
Epoch-by-epoch analysis was thus not carried out i n th i s 
study. Another reason for this was pointed out by Hoelscher 
et al., that being the problems associated with the 
synchronization of the Scanner and paper formats. When a 
taped record was printed from the Medilog, synchronization of 
exact time · between the Scanner and paper l'tlas distorted by 
slight timing errors l.n the speed of the polygraph paper 
transport and the tape transport of the Playback Unit. This 
problem can be overcome by using an Oxford Medilog Sleep 
Stager in addi tion to a polygraph wi th high-speed wri ting 
capabilities (e.g., Siemens Mingograf). 
Hoelscher et al. concluded that polysomnographic data 
recorded on Medilog 9000 Recorders could be reliably and 
accurately scored on the Medilog 9000 Scanner, obviating the 
laborious task of printing the taped data on paper. 
The study carried out by Kubicki et al. (1989) with the 
software version 3.0 may be a more methodologically perfect 
one. Epoch-by-epoch comparisons between manual scoring and 
computer staging in 13,850 epochs (20 s/epoch) from 10 
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recordings of normal subjects were performed. Each sleep 
recording was automatically scored twice by the Stager , tw ic e 
visually by one scorer and once by the other scorer. 
The resul ts showed: (1) Intra-scorer disagreement was 
5.7%; (2) Inter-scorer (2 scorers) disagreement was 8.7%; (3) 
Intra-Stager disagreement was 4. 3%; and (4) Stager-scorer 
disagreement was 26.9%. The Stager scored fewer epochs as 
stages wake , REM, and 2 and more as stages 1, 3, and 4. It 
was found that the Stager not only did not identify the stage 
wake easily, but also scored other sleep stages incorrectly 
as stage wake. On the one hand, the Stager could score only 
alpha background acti vi ty, which by genetic determina tion 
almost 15% of the normal population does not have when they 
were awake, as wake, but could not recognlze the beta 
background rhythm as wake; instead, it was dislocated as (a) 
stage 1, and (b) stage REM if eye movements were present at 
the same time or (c) stage 2 if fast alpha activity occurred; 
on the other hand, (a) epochs of stage REM were interpreted 
as stage 0 (wake after falling asleep and before final 
awakening ~n the morning) when alpha background activity was 
present; (b) epochs of stage 1 and stage 2 were scored as 
stage 0 if they showed) 50% alpha activity due to an arousal. 
It came to the investigators' notice that the Sleep stager 
still detected the delta activity of the fifth and sixth cycle 
in comparison with the visual one. 
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The advantage of this study was that so-called optimiz 2d 
visual analysis was done, which is a reevaluating process for 
glvlng as accurate an evaluation as possible of the Stager's 
efficiency. The two human scorers reevaluated 1,203 
differently scored epochs together. 
Kubicki et al. concluded that the Sleep Stager was a 
promising and time-saving tool for the documentation of sleep 
quali ty. When working wi th the system (version 3.0), one 
should be aware that it has problems In scoring stage wake. 
In the meantime, updated and improved versions of the System 
are available, which need to be tested for their compatibility 
with visual scoring. 
Palm et al. (1989) evaluated the reliability of the 
Medilog Sleep Stager with special consideration of how the 
system could be used in children. Fourteen normal children 
and 3 patients with attention deficit disorders in the same 
age group (8-12 years) were included in the study and two 
consecutive nights of each subject were recorded. The tapes 
were visually scored directly from the screen of the Medilog 
Display Unit according to the standardized rules, but movement 
artefact time was not scored and stage 3 and 4 were treated 
together as slow wave sleep (SWS). This was not an epoch-by-
epoch comparison, because the starts of automatic analysis 
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could not be defined precisely by the software (version 3.0) 
they used In the study. 
The results showed that REM sleep time was shorter and 
slow wave sleep was longer in the computer staging than In 
the visual scoring. Palm et al. pointed out that it could be 
explained partly by specific properties of the EEG in this age 
group. For example, at the age of the examined children, the 
dominant posterior activity in the awake resting EEG did not 
always reach an adult mean alpha frequency of 8-13 cps. But 
the amount of alpha activity was relevant especially in 
differentiating light sleep from wakefulness or REM, and the 
computer in this system worked according to the rules made tor 
adults. 
It was reported that the differences between automatic 
and visual scoring were greater in two of the three children 
with attention deficits than in the other children. In one 
case, no REM was detected in the automatic scoring whereas 
SWS was much longer and stage 2 time much shorter than in the 
visual scoring. Also, in the automatic scoring, one case had 
an extremely long actual sleep time as compared to the visual 
scoring because time awake before sleep onset was scored as 
sleep and several nightly awakenings noted visually were not 
recognized as such by the machine. On the other hand, the 
main sleep stage shifts and the length of sleep cycles as 
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measured from the hypnogram of the automatic printout agr ee d 
well with corresponding values from visual scoring. 
One of the advantages in this study was that a 
preliminary comparison between two software versions (earlier: 
3.0; later: 3.2) of the Sleep Stager in 5 records of normal 
subjects were performed. It was reported that the results 
from the analysis made with the later software version 
correlated wi th the visual data on the same level as the 
results of the earlier version. 
Palm et al. commented that the human scorers tended to 
overlook minimal changes in the sleep characteristics and to 
consider more what precedes and follows each epoch when they 
were scoring the polygraphic sleep recordings, while the 
automatic Sleep Stager diligently scored each epoch strictly 
according to the Rechtschatten & Kales criteria (1968). Thus, 
the automatically produced hypnogram contained many short 
stage shifts that were more or less subconsciously filtered 
off by the visual scorer. 
Ferri et al. (1989) carried out their study in two 
aspects: inter-scorer agreement (including inter-group and 
intra-group variability), and Stager-scorer agreement. Four 
healthy volunteers were included in the study and the taped 
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recordings were analysed by the Sleep Stager at 40- s epoch 
lengths, the same as that of the manual scoring, by the Sl e ep 
Stager. Five paper recordings, in which two were the same and 
designed to evaluate the repeti tive accuracy of the human 
scorers, scored by 19 human scorers. The scorers were divided 
into 9 different groups, and the consensus of manual scorlng 
was used as a reference for statistical comparison with the 
computer staging. 
Epoch-by-epoch analysis was only performed in studying 
the inter-scorer agreement. It was not possible to carry out 
the epoch-by-epoch comparison between both consensus of manual 
and computer scoring, because the Sleep Stager they used could 
not indicate the start and end points of each epoch. 
In the evaluation of the inter-scorer agreement, the 
lowest values were observed in slow wave sleep scorlng, while 
the highest values were obtained in REM sleep scoring. 
This is a good study to reveal the question of the inter-
scorer agreement. 
ranges were wide. 
The results indicated that the variation 
For instance, the agreement percentages 
relating to stage 1 varied from 47.5% to 100%; the stage 3/4 
variation range was very wide, from 3% to 100%, and the 
highest agreement percentages varied from 62.9% to 100% for 
REM sleep. 
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Ferri et al. commented that in spite of the us e of a 
standardized method of scoring (Rechtschaffen & Kales, 196 8 ), 
different groups of scorers showed ln some cases very 
different scorlng of the same recordings. The cause of the 
inter-group variabili ty could be due both to a different 
application of the standardized rules of scorlng by different 
scorers and to a real difficulty ln scoring some sleep 
recordings by means of the above rules. Even so, Ferri et al. 
proposed that an inter-scorer agreement of 80% for all stages 
might be acceptable, because in their work, seven groups of 
nine showed values greater than 84%. The inter-group 
variability indicated that it was not possible to accept as 
significant comparisons between automatic analysis and only 
one or two scorers. It was believed that automatic analysis 
recognized delta waves of amplitude higher than that of delta 
waves recognized by the human scorers, who paid more attention 
to the frequency than to the amplitude of waves. 
In addition, the data from the automatic analysis of the 
same recordings were also examined by using a new software 
(version 3.2) in their study. A partial correction of 
previous mistakes, mainly ln first REM latency measurement and 
REM scoring, was observed. Ferri et al. reported that the 
previous software (version 3.0) seemed to be more reliable 
than the new one in stage 1 scoring, since the new software 
caused an increase in stage 1. Even so, the new software 
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could be considered more appropriate 1n the other aspects. 
Ferri et al. suggested that the Sleep Stager can be used 
for analysing large numbers of recordings in research in which 
only an evaluation of the amount of the sleep stages 1S 
needed; but it does not seem appropriate when data on sleep 
organization is important. 
In conclusion, although the results obtained from all 
these studies are somewhat conflicting, a general impression 
of these studies is that the Sleep Stager tended to score 
fewer epochs as stage wake, REM, and 2 and more as stage 1, 
3, and 4 than the manual scoring. In the evaluation of the 
Stager-scorer agreement, the greatest agreements was found in 
stage 2 and 4, while the greatest disagreements was found in 
stage wake and REM. Stager-scorer agreement could range from 
74-89%, whereas 80% of inter-scorer agreement was thought to 
be acceptable. In addition, human scorers tended to filter 
off some short stage shifts subconsciously, which is worth 
taking note of in further studies. The Sleep Stager seems to 
be appropriate for being used in research in which only an 
evaluation of the amount of the sleep stage is needed. The 
software versions mentioned above were earlier than 3.0 or 
3.2. Although the later software (e.g., version 3.2 or later) 
can be considered more appropriate, whether the reliability 
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of the Sleep Stager with the later versions can alwa ys be 
improved remains uncertain. 
Regarding the further study of the reliability of the 
Sleep Stager, some important suggestions aiming at approaching 
methodological perfection can be given as follows: 
(a) In order to evaluate the man-machine agreement, man-man 
agreement and machine-machine agreement should be evaluated 
first. To evaluate the man-man agreement, not only should 
each human scorer score' the recordings more than once, but 
also more · sleep investigators should be invited to participate 
ln the study and the consensus of their scoring should be used 
as data to compare with the results of the computer staging. 
In the meantime, to evaluate the machine-machine agreement, 
the Sleep Stager used in the study should print out at least 
two Stager's reports for evaluating the intra-Stager 
agreement, and the consensus or means can be used to compare 
with the data of the manual scoring. 
(b) Not only normal sleepers, but also patients with sleep 
disorders should be included in the study, because the 
reliability of the Sleep Stager will not be known for certain 
unless it can be applied to various sleep situations. 
(c) If it is possible, a greater number of subjects should be 
included in the study and the study should not be limited to 
only a few laboratories, since the results of the reliability 
studies will be widely convincing if more laboratories can 
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carry out such studies and obtain similar results. 




to perform, provided that 
comparison 1.S 
the problem of 
still 
epoch 
dislocation can be solved (e.g. using a Mingograf high-speed 
writer/polygraph, or performing epoch location manually) . 
(e) Those studies completed by using an old software version 
(e.g., version 3.0 or earlier) are worth being repeated by 
using new software version (e.g., version 3.2 or later) to 
see whether some of the old problems have been solved and 
whether the reliability has been improved by the new version. 
The other reasons to use the new version is that 20-, 30-, 40-
s epoch lengths are available for computer staging in the new 
version (20-s epoch is obviously easy to score and the results 
will be more precise than 30-, 40-s epoch); also start-time 
and stop-time can be pre-set for preventing the error of time 
shifts, etc. 
(f) As a part of further study, other scoring methods should 
also be tested. The taped polysomnograms will need to be not 
only printed onto paper for conventional paper scoring, but 
also scored by using both screen-by-screen scoring and rapid 
screen scoring, because the two methods are quite commonly 
used by technicians for obtaining a "general impression" and 
for making a rough estimate in sleep laboratories. 
(g) Lastly, it should be pointed out that in all recordings 
used in these studies, nearly every epoch was used for both 
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manual scorlng and computer staging, except for the part us e d 
for the inter-scorer reliability ln one study (Hoelscher et 
al., 1989), ln which randomly selected 2-h segments o f 
recordings were used. As an preliminary study, it may be able 
to provide some valuable information by precisely studying 
each epoch of the whole recordings, whereas as an overall 
evaluation, it seems to be impossible to perform a study with 
numbers of recordings in which every epoch is included. 
Obviously, if the sample is too small and limited, it may lead 
to a biased resul t. · In this si tuation, it may be good to 
solve this problem by only studying a certain number randomly 
selected segment{s) of recordings. 
In view of the above-mentioned problems, a study with 
methodologically modifications (at least to some extent) and 
wi th new software (version 5.4) of the Sleep Stager was 
carried out, and was presented in this thesis. 
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. ~ :: CHAPTER 3 
AIlvIS OF THE STUDY 
3_ Aims of the Study 
The maln purpose of this study was to evaluate the 
reliability of the Medilog SS-90-IIl Sleep Stager with new 
software (version 5.4). 
The following parts of the study were conducted: 
(1 ) to evaluate the Intra-Scorer Agreement; 
(2 ) to evaluate the Inter-Scorer Agreement; 
( 3 ) to evaluate the Intra-Stager Agreement; 
( 4 ) to evaluate the Scorer-Stager Agreement; 
( 5) to examine whether there were differences when applying 
the Sleep Stager to analysing the sleep records of 
normal and disturbed sleepers. 
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.:: CHAPTER 4 
METHODOLOGY 
4 _ MethoClolc::x;;ry 
4.1) Sample 
4.1.1) "subjects" 
Eighteen overnight polysomnograms recorded on cassette 
tapes (taped polysomnograms) by uS1ng Medilog 9000 Ambulatory 
Recording System were selected from the files of our sleep 
laboratory (the Sleep Assessment Unit of CUHK in the Prince 
of Wales Hospi tal, Hong Kong). The taped polysomnograms 
randomly selected were such that the sample consisted of 9 
normal and 9 disturbed sleepers. The 9 expected normal 
sleepers, 7 males and 2 females, age range 18-20 years, were 
medical students pursuing their summer projects ln our sleep 
laboratory over the past few years. Of the 9 disturbed 
sleepers, 7 males and 2 females, age range 14-48 years (mean 
= 32, SD = 9.1), 3 suffered from insomnia, 2 sleep apnoea 
syndrome, 2 excessive daytime sleepiness, 1 somnambulism 
(sleepwalking), and 1 sleep paralysis. 
The candidate was kept blind to the information of each 
of these subj ects I (e. g., ages, diagnoses, etc. ) until the 
completion of the study to prevent biased scoring. 
4.1.2) selected recordings / selected segments of recordings 
Some measurements in this study used all epochs of the 
selected recordings, while some measurements only used the 
epochs within the selected segments of the recordings {for 
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reason, see 6.3.3}. In this study, 1 epoch was equal to 20 
seconds, while 1 page was approximately equal to 20 seconds. 
(a) For measuring the Intra-Scorer Agreement, 1440 epochs 
of 4 recordings consisting of 2 from normal and 2 from patient 
groups were used to perform the analysis. (b) Four sleep 
recordings (5364 epochs) consisting of 2 from normal and 2 
from patient groups were used to assess the Inter-Scorer 
Agreement for each of the two Human Scorers (Senior Technician 
vs. Main Scorer; Technician vs. Main Scorer; Senior Technician 
vs. Technician). (c) Six sleep recordings (8381 epochs) 
consisting of 3 from normal and 3 from patient groups were 
used to measure the Intra-Stager Agreement. (d) Thirty-six 
hundred epochs of 10 recordings consisting of 5 from normal 
and 5 from patient groups were served as the basis for 
measuring the Scorer-Stager Agreement. 
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4.2) Apparatus 
4.2.1) Grass 78D EEG & Polygraphic Data Recording System 
The Grass 78D EEG & Polygraphic Data Recording System lS 
a 16-channel recording machine, wh~ch is capable of recording 
both EEG and other electro-physiological signals. The 
polygraph machine used in this study was to reproduce the 
paper polysomnograms. It meant that the electro-physiological 
signals (e.g., EEG, EOG, and EMG) transferred from the taped 
polysomnograms via the Medilog Wri te-out Uni t were being 
written onto the paper by the polygraph machine. After which 
the Human Scorer could score the paper polysomnograms. 
4.2.2) Medilog 9000 Write-out Unit 
The Medilog 9000 Write-out Unit has the capability of 
transferring the signals from a taped polysomnogram to a paper 
polysomnogram via a polygraph machine. It is very useful when 
visual scoring of sleep recordings is needed. 
4.2.3) Medilog 9000 Replay and Display System 
The Medilog 9000 Replay and Display System consists of 
four units: a Replay and Display Unit; a Control Unit; a 
Signal Processing Unit and a compatible printer. 
The Replay/Display System can be connected to a standard 
EEG wri ter , via a Wri ter Connector Uni t. This connection 
allows the data displayed to be wri tten out. A cable lS 
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supplied with the system so that the Medilog 9000 Replay 
System can be attached to a high-speed writer for x 20 - x 60 
write-outs. 
In addition, the taped polysomnograms usually need to be 
displayed on the Display Unit for either checking the 
calibrating signals before the recording or visual scanning 
on the screen after the recording. 
In this study, the exact time of each epoch In the sleep 
recordings needed to be marked down on the paper 
polysornnograms according to the time code appearing in the 
corresponding epoch of the taped polysomnograms on the Display 
Unit. 
4.2.4) Medilog SS-90-III Sleep Stager 
The Medilog SS-90-III Sleep Stager has the capability of 
automatically analysing data of taped polysomnograms to give 
results. 
To create a Sleep Stager Report, the first thing a Stager 
operator had to do was to turn on the Stager and choose the 
channels to be analysed. They usually were 1 EEG, 1 EMG and 
2 EOG channels. Then the calibration command appearing on the 
Replay/Display Unit had to be chosen and the gains of EEG and 
EOGs had to be set to 100 uV, and the EMG to 25 uV through the 
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Input Attenuator Control. After the calibration, the Stage r 
operator could input the data of the start time, end time and 
the epoch length. Then the Stager would automatically move 
the tape to the position of the chosen time and start running. 
Since the Stager could run at a speed of 20 times faster than 
the actual recording time, an 8 hour recording would run for 
only 24 minutes. Finally the Stager would print out the 
analysed results of the whole night's sleep, including sleep 
s ta tis tics (e. g., actual sleep time, la tencies , the total 
number of epochs of various sleep stages, etc), a hypnogram 
(sleep stage plotted against time) and a print-out of 'how 
each epoch was scored'. The da ta of 'how each epoch was 
scored' was just the data of computer staging used in this 
study. 
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standard gains at the beginning and also the calibration at 
all gains, time constants and filters which have been used. 
Time constant: At least a part of each montage was 
recorded with a time constant of not less than 0.3 sec. 
High frequency response: At least a part of each montage 
was recorded at the full high frequency response of the 
apparatus. 
4.3.3) epoch location 
In this study, the Sleep Stager could precisely divide 
the taped polysomnograms into 20-s epochs and then score each 
epoch as a certain stage, so in order to evaluate the degree 
of agreeability of the scoring between the Human Scorer and 
the Sleep Stager, each epoch of paper polysomnograms had to 
be divided into 20-s epochs. 
Although the page format of the chart paper is designed 
to meet the need of '20 s/page equal to 20 s/epoch', the paper 
polysomnogram produced by the polygraphic machine J.n this 
study could not make each page exactly equal to a 20-s epoch 
due to the mechanical reasons. Hence the work of manual epoch 
location had to be done each time before the manual scoring. 
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4.3) Procedures 
4.3.1) experimental procedures (Diagram 4-1.) 
taped polysomnograms 
/ 
















print Stager Reports 
\ 








how to prevent I I how to improve 
Diagram 4-1. Experimental Procedures 
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The experimental procedures of this study are described 
as follows: 
After the taped polysomnogr'ams were randomly selected 
from the file, on the one hand, the taped polysomnogram were 
charted on paper by a polygraph machine to be paper 
polysomngrams which were scored visually by the Human Scorers 
and recorded on the specially designed forms. The data 
recorded on the specially designed forms were inputted to a 
computer by hand and stored in diskettes. 
On the other hand, the taped polysomnograms were 
processed automatically by the Sleep Stager and the Stager 
Reports were printed out. The related data of the Stager 
Reports ("how each epoch was scored") were scanned to a 
computer by an ~mage scanner and also stored in diskettes. 
Then both sets of data were arranged correspondingly for 
statistical analysis with a BMDP statistical program 
(procedure 4F; version 1988) and each of the results of the 
comparisons could show the degree of agreeability. 
A high degree of agreeability indicated that the result 
of the two compared subjects (e.g., Intra-Stager Agreement) 
were strong agreeable. 
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For those inconsistently scored epochs, more detail e d 
works were needed: (a) to find out what the differences were 
or which stages the most obvious differences was In; (b) to 
find out the reasons why there were differences; (c) to try 
to find out the ways of preventing those differences caused 
by preventable reasons if it is any; (d) to give some 
suggestions of how to improve the reliability of the Stager 
if it is possible. 
4.3.2) production of paper polysomnograms 
In order to make the work of manual scoring convenient, 
each tape polysomnogram had to be charted on paper to produce 
paper polysomnogram. 
Some related criteria for a paper polysomnogram are as 
follows: 
Number of channels: two EOG tracings, one EEG tracing 
and one EMG tracing were selected to be the input signals and 
were charted on paper by a Grass 78D EEG & Polygraphic Data 
Recording System which was connected to the Medilog 
Replay/Display System via the Medilog Write-out Unit. 
Paper speed: paper speed was 15 mm/sec resulting in about 
20 s per page. 
Sensitivity (amplification): The basic amplification was 
10 uV/mm. Changes would be made as signal characteristics 
required it. Every record contained the calibration at the 
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To precisely locate an epoch on the paper r e co rding , 
which corresponded with the one of the taped polysomnograms , 
the Main Scorer had to recognize the start and end point of 
each epoch on the screen according to the features of EEG 
waveforms, and then marked it on the paper recording according 
to the time code displayed on the screen. 
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4.4) Scoring 
4.4.1) Human Scorers 
There was a total of 3 Human Scorers participating In 
this study. One was the Main Scorer (the candidate) who was 
responsible for all visually scoring works except those works 
which also required scoring by another Human Scorers, that of 
measuring the Inter-Scorer Agreement. Assessing the Inter-
Scorer Agreement can also provide to a certain extent, 
evidence of the scoring skill of the Main Scorer. 
For assessing the degree of agreement of the visual 
scoring between other two Human Scorer (a Senior Technician 
and a Technician) and the Main Scorer, 4 sleep recordings 
consisting of 2 normal subjects and 2 patients were scored by 
these three Human Scorers. The Scorers were experienced in 
the technical aspects of polysomnography, especially the 
Senior Technician who had 3 years experience in analysing EEGs 
and 4 years in performing polysomnography. The other two 
Scorers had at "least one year's experience 1.n performing 
polysomnography at the time of the visual scoring data 
collection. 
4.4.2) The standardized scoring rules 
(see 2.2.5) 
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4.4.3) Scoring procedures 
Each g~ven segment of the recordings or each glve n 
recording was scored visually by the Main Scorer according to 
the criteria given by Rechtschatfen and Kales (1968). The 
analysis was performed in a random manner. There was at least 
a 2-week interval between the first and the second visual 
analyses. 
These three Human Scorers did not discuss any aspects of 
the results at any time during the data collection period, 
because the accurate determination of the reliability required 
completely independent judgements. 
In addition, since the candidate herself was the 
experiment designer, the paper polysomnogram producer, the 
record scorer, and the data analyser in this study, to nullify 
the possible biases of the candidate, the recordings were 
randomly selected and the candidate did not know which was 
which until the completion of the study. Sometimes, even 
though she was aware that some recording was selected from the 
patient group, she was not permitted to know the pertinent 
information on the subject. 
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For evaluating the Inter-Scorer Agreement, ~h e scorlng 
unit was exactly a page of the paper sleep recording ( a bou~ 
20 seconds), which was convenient for the Human Scorer to 
perform the visual scoring. But for evaluating the Scorer-
Stager Agreement, it was impossible to follow the paper 
format, because it had a problem of slight time shift due to 
mechanical reasons. What the Main Scorer could do was to mark 
the exact time epoch-by-epoch on the paper recording first, 
and then to perform the scorlng, which made this time-
consuming task even more time-consuming. 
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4.5) Statistical Methods 
4.5.1) data input 
The raw data obtained from the Stager Reports fl'7ere 
scanned to a computer by an image scanner and stored In 
diskettes with a WordPerfect 5.0 programme, while the raw data 
obtained from the Human Scorers were inputted to a computer 
by hand and stored in diskettes with a Lotus 1-2-3 programme 
(release 2.01). Then both sets of data were arranged 
correspondingly using a PC Write programme (version 3.02) for 
comparison later. 
4.5.2) data processing 
Each set of the prepared paired data collected to compare 
two methods of measurement, two measurements of the same 
method, and two scoring results obtained from each pair of 
Human Scorers, was processed by a computer. The frequencies 
of agreement and disagreement were calculated and presented 
in two-way frequency tables, and then the values of Kappa were 
measured and provided by using a 4F BMDP statistical program 
(Dixon et al., 1988). 
BMDP stands for Biomedical Data Processing. This package 
comes from the University of California (UCLA). It lS a 
powerful statistical program but is not as good as SPSSX at 
dealing with large quantities of data. However it can perform 
several types of analysis that are not available on SPSSX. 
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4.5.3) statistical analysis 
Kappa, which was applied to the results of this study is 
a form of correlation appropriate for a square table and 
frequently used when the same subject is being judged by two 
raters. Kappa can provide a measure of inter-rater 
reliability by focusing on the diagonal to see if it contains 
more counts than are expected by chance. 
Fleiss (1981) suggested that values of kappa less than 
0.40 reflect poor agreement. With kappa values between 0.40 
and 0.75 agreement is fair to good. Values of kappa above 
0.75 indicate strong agreement (Dixon et al., 1988). For 
example, in Table 5-1, to test the Intra-Stager Reliability, 
the data of twice scoring of the Sleep Stager on the same 
given epochs gave a Kappa value of 0.873 (t-value = 165.115) 
g1.V1.ng strong evidence that the counts along the diagonal 
differ significantly form those expected by chance. 
A t-value is printed with each Kappa value. A high t-
value gives strong evidence that the counts along the diagonal 
differ significantly from those expected by chance had the 
judgement of the raters been completely independent of each 
other (i.e., no correlation between raters). A low t-value 
would tend to sugges t tha t, in view of the exis ting da ta I 
there 1.S no supporting evidence that the disagreed counts are 
significantly different from those expected by chance. While 
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a low t-value 1S indicated of poor repeatability, a hi g h t-
value in this case provides no conclusive evidence that 
repeatability is good. 
As well as the t-value, the 95% confidence interval (CF) 
for the true Kappa value is provided in parenthesis with each 
observed Kappa value. 
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-- CHAPTER 5 
RESULTS 
5_ Results 
The results of this study showed: (a) The repetitive 
reliability of the Main Scorer had a Kappa of 0.780 (0.755, 
0.805), indicating strong agreem~nt. Total agreement (the 
proportion of concordant ratings) between the first and the 
second scor~ng of the same recordings by the Main Scorer was 
82.9%. (b) The compatible reliability of the Senior 
Technician with the Main Scorer had a Kappa of 0.780 (0.766, 
0.794), indicating strong agreement. The compatible 
reliability of the Technician with the Main Scorer had a Kappa 
of 0.668 (0.652, 0.684), indicating fair to good agreement. 
Total agreement between the Senior Technician and the Main 
Scorer was 84.3% while total agreement between the Technician 
and the Main Scorer was 75.5%. (c) The repetitive reliability 
of the Sleep Stager had a Kappa of 0.873 (0.865, 0.881), 
indicating strong agreement. Total agreement between two 
Stager Reports of the same recordings was 89.9%. (d) The 
compatible reliability between the Main Scorer and the Sleep 
Stager had a Kappa of 0.554 (0.536, 0.572), indicating fair 
to good agreement. Total agreement between the Main Scorer 
and the Sleep Stager was 63.4%. (e) There were significant 
differences of both repetitive reliability of the Sleep Stager 
and the compatible reliability between the Main Scorer and the 
Sleep Stager when the Sleep Stager was being used in both 
Normal Group and Patient Group. 
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5.1) Intra-Scorer Agreement 
Fourteen hundred and forty epochs of 4 recordings 
consisting of 2 normal subjects' (around 18-21 years), a 14-
year-old boy's with chronic insomnia, and a 25-year-old man's 
wi th sleep paralysis were used to test the Intra-Scorer 
Agreement. The repetitive reliability of the Main Scorer had 
a kappa of 0.780 (0.755, 0.805) (Table 5-1), which indicated 
strong agreement. 
As can be seen in the Table 5-2, the majority of the 
differently scored epochs were scored as stage 3 (112 epochs, 
42.4%). Only a small number of stage wake (8 epochs, 13.1%), 
stage REM (4 epochs, 1.0%), stage 4 (5.0%) was scored 
differently in the second visual analysis. 
Sixty epochs of stage 2 were scored as stage 3 ln the 
second analysis. All of the differently scored epochs of 
stage 4 (8 epochs) were scored as stage 3 in the second visual 
analysis. 
The reliability of the scoring regarding the first and 
second analyses by the same Human Scorer (Main Scorer) was 
82.8% (Table 5-2). Considerable deviations from the first 
visual scoring however, were found mainly in the evaluation 
of slow-wave sleep (stage 3, 42.4%; stage 4, 5.0%). 
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Table 5-1. Comparison of the two Visual Sleep Analyses (1st 
& 2nd VSA) of both the normal and the disturbed sleepers, 

































































+ ASE1 of Kappa under the alternative hypothesis that Kappa 
is nonzero (Fleiss, 1971). 
+ t = Kappa/ASE{Kappa) under the null hypothesis that Kappa 
is zero. 
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1st VSA 2nd VSA 
Scored Differently 
epochs scored epochs 
n n % 
61 8 13.1 
30 9 30.0 
393 4 1.0 
86 21 24.4 
447 85 19.0 
264 112 42.4 
159 8 5.0 
1440 247 17.2* 
The actual scoring of the 
differently scored epochs in 
the 2nd VSA (no. of epochs) 
Wake MT REM 1 2 3 
1 6 1 
1 5 1 
4 
1 12 8 
16 2 60 
27 
8 
1 1 29 8 45 69 







5.2) Inter-Scorer Agreement 
Fifty-three hundred and sixty-four epochs from 4 
recordings from 2 normal sleepers, 1 patient with excessive 
daytime sleepiness, 1 patient with sleep apnoea syndrom were 
compared to see the degree of agreement between the three 
Human Scorers. Reading from the Senior Technicain and the 
Main Scorer gave a Kappa of 0.780 (0.766, 0.794) (Table 5-3), 
indicating strong agreement. Total agreement between the 
Senior Technician and the Main Scorer was 84.3% (Table 5-4). 
Reading from the Technician and the Main Scorer gave a kappa 
of 0.668 (0.652, 0.684) (Table 5-5), indicating fair to good 
agreement. The total agreement between the Technician and the 
Main Scorer was 75.5% (Table 5-6). 
The degree of disagreement between each two of the Human 
Scorers (Technician vs. Main Scorer; and Senior Technician vs. 
Technician) were greater than that between the first and 
second analyses by the Main Scorer (Table 5-1, 5-2) except the 
one of the Senior Technician vs. Main Scorer (for reason, see 
6.2.4) . 
As can be seen ln the Table 5-4, disagreements occurred 
mainly in the scoring of periods which were difficul t for 
Human Scorer to unambiguously score. The highest percentage 
of disagreement (41.7% of the total of that stage) between 
the Senior Technician and the Main Scorer is in the scoring 
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of stage 1 (317 epochs), which was scored by th e Main Scor e r 
as stage wake (106 epochs) and stage 2 (167 epochs). I n 
addi tion, the 11 epochs of artefacts scored by the Senior 
Technician was scored by the Main Scorer and the Technician 
as stage wake. 
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Table 5-3. Comparison of the Visual Sl e ep Ana lysis of both 
the normal and the disturbed sleepers scored by the Senior 
Technician and the Main Scorer (ST-VSA & MS-VSA), showi n g the 
results of the Kappa test 
ST-VSA MS-VSA 
Wake MT REM 1 2 3 4 Total 
Wake 562 4 1 41 8 616 
MT 31 70 1 1 103 
REM 1 637 16 29 683 
1 106 6 36 444 167 2 761 
2 8 8 18 90 2349 102 2 2577 
3 36 327 99 462 
4 15 136 151 
# 11 11 
Total 719 88 693 591 2590 446 237 5364 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0 . 780 0.007 110.991 
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Table 5-4. Comparison of the MS-VSA to the ST-VSA 
ST-VSA MS-VSA The actual scorlng of the 
Scored Differently differently scored epochs 
epochs scored epochs in the MS-VSA (no. of epochs) 
stages n n % Wake MT REM 1 
Wake 616 54 8.8 4 1 41 
MT 103 33 32.0 31 1 
REM 683 46 6.7 1 16 
1 761 317 41.7 106 6 36 
2 2577 228 8.8 8 8 18 90 
3 462 135 29.2 
4 151 15 9.9 
# 11 11 100.0 11 
Total 5364 839 15.6* 157 18 56 147 
* Total percentage of differently scored epochs. 
# Artefacts. 
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241 119 101 
Table 5-5. Comparison of the Visual Sleep Analysis of b oth 
the normal and the disturbed sleepers scored by the Technician 
and the Main Scorer (T-VSA & MS-VSA), showing the results of 











































































Table 5-6. Comparison of the MS-VSA to the T-VSA 
T-VSA MS-VSA The actual scoring of the 
Scored Differently differently scored epochs 
epochs scored epochs in the MS-VSA (no. of epochs) 
Stages n n % Wake MT REM 1 2 3 4 
Wake 806 124 15.4 19 2 91 12 
MT 195 129 66.2 21 16 48 42 · 2 
REM 921 283 30.7 1 120 162 
1 494 254 51.4 13 1 21 218 1 
2 2228 193 8.7 2 2 16 92 80 1 
3 465 212 45.6 112 100 
4 255 119 46.7 9 110 
Total 5364 1314 24.5* 37 22 55 351 555 193 101 
* Total percentage of differently scored epochs. 
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5.3} Intra-Stager Aqreement 
In order to test the Stager IS reliabili ty, the Stage r 
had to perform two automatic analyses of each selected record. 
The two staging performances were not consecutive in order. 
Eighty-three hundred and eighty-one 
recordings consisting of 3 normal sleepers, 
epochs of 6 
1 patient wi th 
excessive daytime sleepiness and 2 patients with insomnia were 
used to test the repetitive reliability of the Sleep Stager. 
The two-way frequency table of the two Medilog analyses of the 
Sleep Stage is shown in Table 5-7. The results showed that 
the repetitive reliability of the Sleep Stager had a Kappa of 
0.873 {0.865, 0.881}, which indicated strong agreement. 
The results of the repeated computer staging by the Sleep 
Stager differed 1n a total of 849 epochs (10.1%; Table 5-8). 
Sleep stage REM (267 epochs), sleep stage 1 (199 epochs) and 
sleep stage 2 (200 epochs) show the greatest discordance when 
one compares the first and second evaluation of the Stager. 
Regarding percentages, however, the 199 of 1,165 epochs of 
stage 1 (17.1%) were of greater relevance than the 267 of 
2,578 epochs of stage REM (10.4%) and the 200 of the 1,849 
epochs of stage 2 (10.8%). 
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The right half of Table 5-2 showed the distribut io n of 
the differently scored epochs based on the second analysis 
and its scorlng of sleep stages. The 92 differently scored 
epochs of stage wake (wakefulness before falling asleep, 
wakefulness after sleep onset and the final awakening but no 
more than 3 minutes) were scored as six other stages and about 
half of the differently scored stage wake (43 epochs) were 
allocated to stage 1, and a quarter of differently scored 
epochs of stage wake (23 epochs) were allocated to stage 2. 
The 13 differently scored epochs of MT (movement time) were 
scored as stage wake, REM, 1, 3, or 4. Almost half of the 
differently scored MT (6 epochs) were scored as stage wake. 
Two hundred and sixty-seven differently scored REM epochs were 
allocated to stage wake, MT, 1, 2, 
differently scored epochs (267 epochs) 
1 (103 epochs) or stage 2 (125 epochs) 
of stage wake and 7 epochs of stage 3. 
or 3. Nearly all 
were scored as stage 
except for 31 epochs 
The stages REM, 1 and 
2 are easily misscored inter~hangeably, and this can also be 
applied to the 199 differently scored epochs of stage 1 except 
that in this case almost half (125 epochs) was scored as stage 
2 only. 
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Of 200 inconsistently scored epochs of stage 2 , a l mo st 
three-quarters (130 epochs) were scored as stage REH (65 
epochs) and stage 1 (65 epochs), and one-quarter (48 epochs) 
was due to the similar interchangeable misscoring between 
stage 2 and slow-wave sleep (Table 5-8, right). Only 2.9% of 
stage 4 epochs and 13.6% of stage 3 were misscored 
interchangeably within the slow-wave sleep stages. 
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Table 5-7. Comparison of the t wo Medilog Sl e e p An alyses (1s t 
& 2nd MSA) of both the normal and the disturbed sl eepers, 
showing the results of t he Kappa test 
1st MSA 2nd MSA 
Wake MT REM 1 2 3 4 To ta l 
Wake 1385 11 12 43 23 1 2 1477 
MT 6 99 1 3 1 2 112 
REM 31 1 2311 103 125 7 2578 
1 75 3 44 966 76 1 1165 
2 21 1 65 65 1649 48 1849 
3 1 2 23 348 29 403 
4 23 774 797 
Total 1519 115 2433 1182 1896 429 807 8381 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0.873 0.004 165 . 115 
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1st MSA 2nd MSA 
Scored Differently 
epochs scored epochs 
n n % 
1477 92 6.2 
112 13 11.6 
2578 267 10.4 
1165 199 17.1 
1849 200 10.8 
403 55 13.6 
797 23 2 . 9 
8381 849 10.1* 
The actual scoring o f the 
dlfferently scored epochs in 
the 2nd MSA (no. of epoch s ) 
Wake MT REM 1 2 3 
11 12 43 23 1 
6 1 3 1 
31 1 103 125 7 
75 3 44 76 1 




1 2 23 29 
23 
134 16 122 216 247 81 33 
* Total percentage of differently scored epochs. 
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5.4) Scorer-Stager Agreement 
Manual and automatic staging of the randomly selected 
3600 epochs of 10 recordings (5 normal and 5 disturbed 
sleepers) were compared epoch-by-epoch to measure the Stager-
Scorer Agreement. The compatible agreement between the Main 
Scorer and the Sleep Stager had a kappa of 0.554 (0.536, 
0.572) (Table 5-9), indicating fair to good agreement. Total 
agreement between the Human Scorer and the Sleep Stager was 
63.42% (Table 5-10). 
The results of analysing the 10 recordings for the degree 
of agreement were combined to provide an overall picture of 
the agreement and disagreement. Agreement were greatest ~n 
the identification of those stages which are most easily 
recognised, for example stage REM with typical rapid eye 
movements and relaxed muscle tones (Figure 5-1); stage 2 with 
well-defined sleep spindles (Figure 5-2); stage 4 with almost 
continuous delta activity (Figure 5-3). High percentage of 
man-machine agreement was obtained in these instances. 
Disagreement occurred mainly in the scoring by Human Scorers 
of periods difficult to unambiguously score (Figure 5-5; 5-6; 
5-7; 5-8; 5-9). It was found that the poorest scoring were 
in those epochs which contain gross artefacts, e. g., some 
epochs contain gross artefacts were staged by the Sleep Stager 
as stage 4 (Figure 5-10). 
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Except those epochs containing artefacts, th e greatest 
percentage of disagreement was in the scoring of stage 1 , 
which was scored by the Sleep Stager as stages wake. This 
problem arose mainly because of ' the lack of characteristic 
descriptions in the definition of stage 1. The other area of 
disagreement was the erroneous scoring of stage 3, which was 
scored by the Sleep Stager as stage 4. 
scored as wake, 1 or REM. 
Rarely was stage 4 
Nearly half of the stage 2 epochs were' wrongly scored by 
the computer as stage REM and stage 1. A considerable number 
of the epochs were wrongly scored as stage 1 or stage 2. 
Stage 1 was also commonly taken as stage REM and often also 
as stage 2. Most wrongly scored stage REM epochs were 
interpreted as stage 1, some as stage 2 and very few as other 
stages. 
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Table 5-9. Comparison of the scored epochs o f t h e Visual Sl ee p 
Analysis (VSA) and the Medilog Sleep Analysis (MSA) on both 
the normal and the disturbed sleepers, showing the r e sults of 
the kappa test 
VSA MSA 
Wake MT REM 1 2 3 4 Total 
Wake 468 8 21 72 24 7 3 603 
MT 4 22 2 9 7 6 4 54 
REM 13 1 745 68 28 1 856 
1 96 1 61 111 60 3 3 335 
2 64 2 181 126 460 66 17 916 
3 16 1 24 30 46 162 165 444 
4 1 7 4 24 315 351 
# 36 2 3 41 
Total 698 35 1041 416 629 271 510 3600 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0.554 0.009 73.591 
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epochs scored epochs 
n n % 
603 135 22.4 
54 32 59.3 
856 111 13.0 
335 224 66.9 
916 456 49.8 
The actual scoring of the 
differently scored epochs 
in the MSA (no. of epochs) 
Wake MT REM 1 2 3 
8 21 72 24 7 
4 2 9 7 6 
13 1 68 28 1 
96 1 61 60 3 






3 444 282 63.5 16 1 24 30 46 165 
4 351 36 10.3 1 7 
# 41 41 100.0 36 
Total 3600 1317 36.6* 230 13 296 305 





169 109 195 
5.5) Normal Group Versus Patient Group 
Each set of data was also used to analyse whether there 
was a difference in repetitive reliability of the same device 
in scoring the normal and patient' groups. 
Using the Sleep Stager, the kappa in normal group was 
0.900, and with an ASEl of 0.005 (Table 5-11), while the kappa 
in patient group was 0.835, with an ASEl of 0.007 (Table 5-
12) . Assuming the results of the normal group and patient 
group are independent, then the statistic 
Kl - K2 
= 7.56 
SE (K1-K2) 
under the null hypothesis that repetitive reliability of the 
sleep stager lS independent in scoring ei ther group, will 
follow a student's t distribution. The large sample allow us 
to use the normal approximation to the t-distribution, the 
observed value of 7.56, lS much bigger than 1.96 [2.5 
percentile of 1'1 (0,1) ] . Suggesting there is a significant 
difference in the repetitive reliability of the Sleep Stager's 
use In the normal group and in the patient group, at the 95% 
level. 
Regarding the compatible reliability between the Human 
Scorer and the Sleep Stager, the kappa in normal group was 
0.599, with an ASE1 of 0.013 (Table 5-13), while the kappa in 
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patient group was 0.496, with an ASE1 of 0.014 (Table 5-14). 
K1 - K2 
= 3.48 
SE (Kl-K2) 
since 3.48 lS much bigger than 1.96, there is a significant 
difference In the compatible reliability between the sleep 
stager's use in the normal group and in the patient group, at 
the 95% level. 
If the Sleep Stager's functioning lS assumed to be 
consistent over the course of the study, the about results is 
independent of the difference in epoch pattern, mixture and/or 
frequencies In the two groups have attributed to the 
difference in performance of the stage when applied to the 
two groups. 
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Table 5-11. Comparison of the two Medilog Sleep Analyses (1st 
& 2nd MSA) of the normal sleepers, showing the r e sult s of the 
kappa test 
1st ASA 2nd ASA 
Wake MT REM 1 2 3 4 Total 
Wake 465 10 10 17 2 1 2 507 
MT 6 79 1 1 1 2 90 
REM 13 695 36 12 756 
1 26 1 16 349 20 1 413 
2 10 12 22 1092 43 1179 
3 19 276 26 321 
4 19 762 781 
Total 520 90 734 425 1145 341 792 4047 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0.900 0.005 123.553 
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Table 5-12. Comparison of the two Medilog Sleep Analyses (1st 
& 2nd MSA) of the disturbed sleepers, showing the results of 








































































Table 5-13 . Comparison of the scored epochs o f the Visual 
Sleep Analysis (VSA) and the Medilog Sleep Analys is (MSA) on 
the normal sleepers, showing the results of the k appa test 
VSA MSA 
Wake MT REM 1 2 3 4 Total 
Wake 200 7 1 23 11 5 247 
MT 2 18 3 6 2 2 33 
REM 6 316 15 8 345 
1 37 1 29 40 36 3 2 148 
2 21 2 26 53 269 40 15 426 
3 6 20 24 38 88 117 293 
4 1 7 4 20 271 303 
# 2 3 5 
Total 273 28 399 158 372 160 410 1800 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0.599 0.013 56.864 
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Table 5-14. Comparison of the scored epoch s of the Visual 
Sleep Analysis (VSA) and the Medilog Sleep Analysis (MSA) on 
the disturbed sleepers, showing the results of the kappa test 
Wake MT REM 1 2 3 4 Total 
~vake 268 1 20 49 13 2 3 356 
HT 2 4 2 6 1 4 2 21 
REM 7 1 429 53 20 1 511 
1 59 32 71 24 1 187 
2 43 155 73 191 26 2 490 
3 10 1 4 6 8 74 48 151 
4 4 44 48 
# 36 36 
Total 425 7 642 258 257 111 100 1800 
Statistic Value ASE1 t-value Dep. 
Kappa, Meas. Reliability 0.496 0.014 43.618 
93 
, CHAPTER 6 
DISCUSSION 
6_ Discussion. 
6.1) General Considerations 
Sleep is a continuous process characterised by cyclical 
changes. Some of sleep is light~r and some is deeper. Some 
have and some do not have dreams. The aim of scoring stages 
of sleep is to allow sleep researchers to describe and to 
understand various sleep conditions easily. 
Since 
laborious, 






research projects. Therefore, sleep researchers can certainly 
benefit from replacing the human scoring procedure with 
computer scorlng technology. With the progress made In 
computing knowledge, quite a number of sleep laboratories have 
developed their own software for sleep analysis, especially 
for sleep stage scorlng (e.g. Hasan, 1983). Moreover, some 
softwares or devices have been introduced to the market and 
upgraded, like the Medilog SS-90-III Sleep Stager - the one 
used in this study. 
Before the sleep researchers can trust the scoring of 
the Sleep Stager and put it to good use, the first thing they 
need to do is to test and confirm the reliability of Sleep 
Stager. Several reports regarding the reliabili ty of the 
Sleep Stager have been published, but further in-depth studies 
still seem to be needed. Firstly, the results obtained from 
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all the preVlOUS studies basically remain unc e r tain a nd 
conflicting. Secondly, the software used in all the pr ev i ous 
studies were the earlier versions (3.0 or earlier), while t h e 
later versions (e.g., 5.4) are n6w available. Just what the 
degree of reliability of the later version is and whether the 
later version has overcome some of the previous problems, are 
just some of the questions the candidate intended to answer 
in this study. Thirdly, the later version provides the time 
pre-set system, which can solve one of the problems found in 
the earlier versions - slight shifts in the start times due 
to the possible influence of manual controlling. A Human 
Scorer scores a sleep recording based on his/her judgement of 
the pattern of an individual epoch, so slight shifts of start 
time can make it difficult for a Human Scorer to decide the 
precise posi tion of each epoch and thus causes the stage 
deviations (e.g. Holler, 1986). Obvious ly I only when the 
problem of epoch location has been solved, can the epoch-by-
epoch comparlson be possible. The Sleep Stager used in this 
study could certainly provide such a possibility. 
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6.2) Reliability of Manual Scoring 
6.2.1) the reason of performing the Intra-Scorer / In ter-
Scorer Agreement 
The manual scoring took a very important part ln this 
study because the measurement of the reliabili ty of the 
Medilog Sleep Stager was mainly based on the data provided by 
the Human Scorer{s). 
The recordings of this study were scored visually mainly 
by the Main Scorer, a new hand to polysomnography. In 
comparison to similar studies, two or three judges have been 
employed (Hoelscher et al., 1989; Kubicki, et al., 1989). 
Therefore, it was necessary to prove the reliability of the 
Main Scorer's scoring skill by measuring both Intra-Scorer and 
Inter-Scorer Agreement. 
6.2.2) the accuracy of Intra-Scorer / Inter-Scorer Agreement 
The resul ts showed: (a) the repeti tive reliabili ty of 
the Main Scorer indicated strong agreement (kappa = 0.780, 
total agreement = 82.85%); (b) the compatible reliability 
between the Senior Technician and the Main Scorer indicated 
strong agreement (kappa = 0.780, total agreement = 84.28%); 
(c) the compatible reliability between the Technician and the 
Main scorer indicated fair to good agreement (kappa = 0.688, 
total agreement = 75.50%); (d) the compatible reliability 
between the technician and the senior technician indicated 
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fair to good agreement (kappa = 0.638, total agr eement = 
73.30%) . 
According to the results reported by other sleep 
researchers, inter-scorer agreement can be quite variable and 
around 80% seems to be an acceptable value (Ferri, et al., 
1989) . Therefore, all the results of the degree of 
agreeability of the Intra-Scorer and Inter-Scorer Agreement 
in this study seemed to be acceptable. 
6.2.3) the two different scoring units used in this study 
There were two different scoring units used ~n this 
study. One is a unit of 20-s epoch, the other is a unit of 
page (1 page is about 20 seconds). A unit of 20-s epoch was 
mainly used to measure the Intra-Score Agreement, while a unit 
of page was used to measure the Inter-Scorer Agreement. 
Obviously scoring sleep using a unit of 20-s epoch was much 
more difficult than using a unit of page, because the Scorer 
had to mark down the corresponding time of the indi vidual 
epoch first via the Replay/Display Unit and then perform the 
stage-scoring. Therefore, the former was not only 
inconvenient for Human Scorer to use but also it could cause 
misscoring easily, especially in scoring those epochs which 
the proportion of individual EEG waveforms were important like 
delta wave in the stage 3 and 4. 
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6.2.4) rN'hy Intra-Score Agreenent was slightly lOHer than 
Inter-Scorer Agreement (ST-VSA vs. MS-VSA) ? 
Although the kappa values of both the Intra-Scorer 
Agreement and Inter-Scorer Agreement (Senior Technician vs. 
Main Scorer) were equal to 0.780, the total proportion of 
Intra-Scorer Agreement (82.9%) was slightly lower than that 
of the Inter-Scorer Agreement (84.4%). 
discussing. 
This point is worth 
In this study, the scoring unit used In measurlng the 
Intra-Score Agreement was 20-s epoch, which was thought to be 
not only inconvenient for Human Scorer to use but also it 
could cause misscoring easily, especially In scoring those 
epochs which the proportion of individual , EEG waveforms are 
important like delta wave in the stage 3 and 4. 
In addition, the recordings selected for measurlng the 
Intra-Scorer Agreement happened to be young subjects (2 aged 
18-21, normal subjects; a 14-year-old boy with chronic 
insomnia and a 25-year-old man with sleep paralysis) . It is 
known that young people tend to have more slow wave sleep than 
middle-aged and aged people. 
According to the Table 5-2, the highest incidence of 
misscoring occured in the scoring of stage 3 as stage 4 and 
in the scoring of stage 4 as stage 3, so the difficulty of 
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diff e rentiating stage 3 and 4 might be the maln reas on causlng 
some of the misscoring ln the measurement of Intra-Scorer 
Agreement. 
Other sleep researchers also agreed that visual scoring 
of delta waves was unreliable, extremely laborious and time 
consuming, which is probably the reason why some laboratories 
preferred to classify stages 3 and 4 as a single entity (e.g. 
Feinberg et al., 1967; Palm et al., 1989). If stage 3 and 4 
were grouped into the same class in this study, the degree of 
agreeability of the repeated scoring would be obviously 
improved. If tha t was the case, the total proportion of 
Intra-Scorer Agreement would be 89.3% (original: 82.9%), while 
the Inter-Scorer Agreement between the Main Scorer and the 
Senior Technician would be 86.5% (original: 84.3%). 
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6. 2 .5) the Inter-Scorer Agreement 
Regarding the possible Inter-Scorer Agreements, inc luding 
(a) Senior Technician - Main Scorer, (b) Technician - ·Ma in 
Scorer, and (c) Senior Technician ' - Technician, the result of 
(a) indicated strong agreement, and the results of (b) and (c) 
indicated fair to good agreement. 
fact that the candidate was 
It was probably due to the 
influenced by the Senior 
Technician more than the Technician prior to the commencement 
of the formal scoring (there was no discussion during the 
scorlng period), as the candidate was a new hand to 
polysomnography prior to this study and as the Senior 
Technician was one of her main teachers. 
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6.3) Reliability of Comouter Staging 
6.3.1) why scoring sleep in a 2-h segment of recording 
For measuring both the Intra-Stager Agreement and th e 
Inter-Scorer Agreement, basically' all epochs of each recording 
were used to perform the analyses, whereas selected 2-h 
segments of recording were used to analyse both the Scorer-
Stager Agreement and the Intra-Scorer Agreement. 
Being a study aiming at evaluating the reliability of 
the Sleep Stager, obviously the true situation of sleep will 
be better reflected if the Stager can be applied to more 
subjects. 
In addition, the process of sleep involves cyclic 
changes, and even the longest cycle lasts about 90-100 minutes 
(Hartmann, 1973), so a 2-h segment of recording lS supposed 
to be able to reflect the changes of all stages or at least 
the most of the changes of stages during sleep, and it is no 
need to score the whole recording. 
Therefore, the analysis of a 2-h segment of recording is 
a recommendable way to those studies in which it is not 
important to the change of the whole night sleep pattern but 
to the individual epochs being scored as a certain stage. 
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6.3. 2 ) the Intra-Stager Agreement 
Regarding the repetitive reliability of the Sleep Stager , 
the results of this study indicated strong agreemen t (kappa 
= 0.873, total agreement = 89.9%) between the first and second 
automatic analysis, but, as a computer analysing tool, it did 
not seem to be very satisfying however it was acceptable. 
6.3.3) the Scorer-Stager Agreement 
For the compatible reliability between the Human Scorer 
and the Sleep Stager, the results of this study indicated fair 
to good agreement (kappa = 0.554, total agreement = 63.4%). 
Whereas the results of the study done by Kubicki et al. (1989) 
showed that the total agreement between Human Scorer and the 
Sleep Stager was 73.1%. Therefore the data obtained from this 
study seemed to fail to confirm that the reliability of the 
Sleep Stager has improved with the later version (5.4). 
6.3.4) whether the accuracy of the Stager's scoring has been 
improved 
According to the results obtained from this study, the 
repetitive reliability of the Sleep Stager indicated strong 
agreement; while the compatible reliability between the Human 
Scorer and the Sleep Stager indicated fair to good agreement. 
The comparison between this study and the preV10US ones 
1S difficult, what the candidate can do is to make a general 
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comparlson. Since the study done by Kubic k i et al. (19 89 ) 
seems to be methodologically more similar to the one done by 
the candidate than any of the others, many discussions of the 
comparison will be based on the iesults of Kubicki et al .. 
One should be aware that there are many differences, 
especially methodological differences, between this study and 
the previous ones: (a) subjects' differences: this study was 
performed on both normal subjects and disturbed sleepers; the 
previous studies were mainly performed on normal subjects. 
(b) differences of scoring units: this study used 20-s epoch; 
the previous ones used 20-, 30-, 40- and even 60-s epoch, and 
some studies even transformed the units of s epoch into the 
units of minutes. (c) differences of technical setting: this 
study used a time pre-set system and the Stager was run 
according to the pre-set time; but the time pre-set system did 
not exist ~n the earlier versions of previous studies and the 
operator had to press the button indicating start and end 
manually on the appearance of the audio signal. (d) 
differences in statistical methods: this study used kappa as 
the statistical method; the previous studies used other 
statistical methods (e.g., correlation coefficiencets, paired 
t-test etc.) and some of which are thought to be inappropriate 
for measuring the degree of agreement (see 6.4). 
Compared to the result obtained from the study of Kubic k i 
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et al. (1989) (repeti ti ve reliabili ty: total agreeme n t = 
95.7%; compatible reliability: total agreement = 73.1%), both 
of the two agreements in this study were lower than the ones 
~n Kubicki et al.. One may wonder' why the degree of agreement 
with the later version (5.4) would be lower than one with the 
earlier version (3.0) • The possible reasons and the 
explanations will be discussed below. 
First, the study performed by Kubicki et al. was 
exclusively on normal subjects, while this study was done on 
both normal and disturbed sleepers. According to the general 
notion that most disturbed sleepers tend to sleep lighter and 
have more stage shifts during their night's sleep than normal 
sleepers, so this point can be applied partly to explain why 
there is so much of a difference. 
The second point concerns the ways in which the Sleep 
Stager was run. For example, to obtain the Stager Reports, 
Kubicki et al. ran the Stager on the same recording twice 
consecutively, while each of the two Stager Reports of the 
same tape was run in this study inconsecutively. The results 
showed the former had a higher repetitive reliability than the 
latter. The explanation is simple, consecutive running can 
overcome the deviations in manual control occur~ng at 
different times, but it does not mean it is more accurate than 
the latter study. 
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Using an earlier verSlon, each time a Stager op e r ator 
wants the Stager to analyse the sleep data on a tap e d 
recording, he/she has to first calibrate the 4 sel ected 
channels. Obviously it 1S impossible to start the staging at 
absolutely the same time eachtime, even if it is the same 
Stager opera tor. It seems that automatic calibration lS 
desirable in further improvements of the Stager. 
Lastly, another possibility 1S that the later version 
has not improved the accuracy of the Stager's scoring compared 
with the earlier version in any obvious way, though the aspect 
of communication between man and machine seemed to have been 
improved. 
6.3.5) the possible improvement 
It has been said that the later software version of the 
Sleep Stager was designed to improve the detection of K-
complexes, spindles, and REM as compared to that of earlier 
versions. In addition, an adjustment of the EMG level 
interpretation has been made to improve REM sleep detection 
in the new version (Palm et al., 1989). Both the results of 
the Intra-Stager Agreement and Scorer-Stager Agreement showed 
stages REM, 2 and 4 as having the greatest agreement (Table 
5-8, 5-10) in this study. 
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6.3.6) the existing problems 
Both the results of Intra-Stager Agreement and the 
Scorer-Stager agreement showed that the greastest disagreement 
was 1.n the stage 1. This may be due to the lack of 
characteristic descriptions 1.n the defini tion of stage 1 
according to the standard stage-scoring manual. 
6.3.7) a suggestion 
According to the manufacturer, the new software version 
(5.4) contains a so-called artefact detector. The candidate 
could not find how the artefact detector works and whether it 
has improved the Stager's ability to identify artefacts. In 
one case of this study, the Stager scored wrongly some epochs 
with gross ar~efacts as stage 4 (Fig. 5-10) when they were in 
fact stage wake referring to the spare channel without 
artefacts. Since there were only seven stages available in 
the present version, the candidate found that it was difficult 
to score those epochs with artefacts as an appropriate stage. 
Therefore, the candidate suggests that it would probably be 
beneficial to introduce a new stage diagnosis for the 
description of those events which happen during sleep periods 
without existing stage definitions (e.g., gross artefacts). 
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6.4) Choice of Methods for Statistical Analysis 
The method of statistical analysis used in this study 
was kappa statistic, which was first introduced by Cohen in 
1960. Later on, the weighted kappa (Cohen, 1968) and the 
generalized kappa (Conger, 1980) were successively used to 
measure the degree of agreement between two and more than two 
raters, respectively. 
Regarding the difference between kappa and weighted 
kappa, the former 1S useful when all disagreements are 
considered equally serious, while the latter is useful when 
the relative seriousness of the different kinds of 
disagreement can be specified. 





agreement between two raters who rate each of a 
subjects on a nominal scale and incorporate a 
for the extent of agreement expected by chance 
The use of kappa and weighted kappa is restricted to the 
case where both the number of raters is two and where the same 
two raters rate each subject, whereas the generalized kappa 
1S sui table in those cases where there are more than two 
raters and in those cases where the raters judging one subject 
are not necessarily the same as those judging another (Fleiss, 
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1971) . 
As developed by Cohen (1960), kappa statistics take t h e 
general form: 
k = 
Po - Pe 
1 - Pe 
where Po is the observed proportion of agreement and Pe is 
the proportion of agreement expected if the scoring 
(classifications) by the different devices are independent. 
In this study, each set of paired data of the same 
individual epoch was 
appropria te in this 
compared, so 
study. From 
the kappa statistics l.S 
the candidate's point of 
vi ev.7 , the kappa statistic l.S also the most suitable 
statistical method used in this study. 
In clinical measurement, comparison of a new measurement 
technique wi th an established one is often needed to see 
whether they agree sufficiently for the new to replace the 
old. Such investigations are often inappropriately analysed, 
notably by using correlation coefficients (Bland & Al tman, 
1986). Besides the correlation coefficients, there are other 
statistical methods (e.g. It-test, etc.) often being used 
inappropriately. 
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The use of correlation (r) lS misleading. There are 
several reasons for this. Firstly, r measures the streng t h 
of a relation between two variables, not the agreement between 
them. e.g., we will have perfect agreement only if the points 
lie along the line of equali ty, but we will have perfect 
correlation if the points lie along any straight line. 
Secondly, correlation depends on the range of the true 
quantity in the sample. 
be greater than if it 
If this lS wide, the correlation will 
is narrow. Since the investigators 
usually try to compare two methods over the whole range of 
values typically encountered, a high correlation is almost 
guaranteed. Thirdly, the test of significance may show that 
the results from the two methods are related, but then with 
the understanding that two methods were used to measure the 
same quantity, it would be amazing to see the results were not 
related. The test of significance is irrelevant to the 
question of agreement. Lastly, data which seem to be in poor 
agreement can produce quite high correlations. For example, 
Serfontein and Jaroszwicz (1978) compared two methods of 
measuring gestational age. Babies with a measured gestational 
age of 35 weeks by one method had measured gestations between 
34 and 39.5 weeks by another, but r was high (0.85). Hence, 
the high correlation of data may conceal considerable lack of 
agreement between the two methods of measurements. 
109 
The t-test is applied to draw inference abou t th e 
propulation mean p of size n (sample mean, X standard 
deviration, S). To test p=po vs. p=po, we use the test 
statistic 
x - po 
t = 
S/{n-l 
which is distributed as t(n-1) under the null hypothesis that 
the true population mean is po (Francis, 1979, 1983). 
There are two distinct types of data, quantitative data 
and qualitative data. Quantitative data can be further 
subdivided into two categories, discrete and continuous. The 
data of this study is classified as qualitative data. 
The t test is not suitable for analysing qualitative data 
(except binomial). The data of this study is about the 
diagnoses . of sleep stages (e.g., classifying sleep pattern 
into one of seven mutually exclusive stages) I so the t test 
is certainly unsuitable in this study. However, some similar 
studies (e.g., Hoelscher et al., 1989) still use the t test 
as the statistical method. In which case they only analyse 
the data in terms of the number of minutes classified 
concordantly by the raters and the number of minutes 
classified di5concordantly by the raters, so that the 
information on where the discrepancy actually lie is lot. 
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6.5) Some Methodological Limitations of this Study 
Some methodological limitations of this study merit 
comment. The methodological limitations mainly involved t he 
problems of manpower and equipment. 
Regarding the problem of manpower, the candidate thought 
that to make the experiment perfect, there were several points 
which ought to be considered: (a) there had better be at least 
two human scorers, so that the results of the reliability will 
be more acceptable; (b) the person responsible for the 
experimental design had better not be the one responsible for 
scoring, in order to prevent possible bias. 
Regarding the limitations of the equipment, the 78D 
polygraph machine used in this study seems to be not suitable 
for printing out the signal from the Replay/Display Unit, 
unless its internal clock rate can be modified, as the 
polygraph itself can not run at a speed absolutely matching 
the speed of taped polysomnogram run by the Replay/Display 
Unit. 
In this study, although the problem of the time pre-set 
of the Stager has been solved, the capstan bar of the 78D 
polygraph machine did not run stably and caused each of the 
20 seconds recordings to not match the paper format, thus to 
compensate, manual time marking (epoch location) was employed 
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ln this study, which makes this time consuming work even more 
time consuming. 
To overcome the difficulty of epoch dislocation resulting 
from timing errors of the playback unit an Oxford Sleep Stager 
(SS90MKIII), which controls the scanner's capstan speed, can 
be used. However, this procedure requires the addi tional 
purchase of a polygraph with high-speed writing capabilities 
(e.g., Siemen Mingograf) because the only playback speed of 
the Sleep Stager is 20 times the recorded speed. Specialized 
software and hardware are also required to place time codes 
on paper. 
The EMG level of automatic analysis was another new 
problem which was found in the later verSlon. In some 
recordings the EMG level was too high for accurate analysis. 
The Stager will tell the operator to reset a EMG calibration 
only after it has spent about 30 minutes to run through the 
whole recording, and that certainly wastes the investigator 
a lot of time. Perhaps this technical problem can be solved 
in the future. 
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6.6) Some Considerations Regarding Further Studi es 
Automatic sleep stage-scoring will probably never 
completely take the place of human scorlng, but it Nill 
undoubtedly develop into a very popular form of sleep 
analysis. 
Regarding further studies, two maln aspects should be 
considered: one is how to continuously improve the means for 
assesslng the reliability of the Sleep Stager or any other 
automatic sleep analysing device; the other is how to improve 
the automatic sleep analysis itself, not only the accuracy of 
the sleep stage scoring, but also the analysis of the 




7 _ Con.clusion. 
One of the maln differences between this study and 
previous studies regarding the reliabili ty of the Medilog 
Sleep Stager is that a new software version (5.4) was used in 
this study, while the software version used in previous ones 
were 3.0 or older. Therefore, it is interesting to see: (a) 
whether the new version has overcome some of the technical 
problems existing ln the old versions; (b) whether the 
accuracy of stage-scoring has improved in the new version. 
However, the results of this study, are quite difficult to 
compare with those of previous studies because there are many 
differences between them, especially in the differences In 
experimental design. For example, most previous studies used 
normal sleepers as subjects, while this one used both normal 
and disturbed sleepers. Another example was that the 
comparing method used in this study was that of epoch-by-epoch 
comparison, whereas some previous studies compared other sleep 
parameters instead of comparing individual epochs, as at that 
time it was not possible to perform epoch-by-epoch comparlsons 
with their level of technical knowledge. 
Of course some studies performed the epoch-by-epoch 
comparison like the study done by Kubicki et al. (1989), which 
seemed to be the most methodologically similar to this one, 
so the candidate tried to compare this study with the previous 
study based on the results obtained from Kubicki et al .. The 
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results obtained from this study seemed to be lower In the 
degree of agreement than those obtained by Kubicki et al .. 
For example r the Intra-Stager Agreement In this study Has 
89.9%, while in Kubicki's was 94.3%. Also, the Scorer-Stager 
Agreement in this stud~{ was 63.4;'6, whereas in Kubicki was 
73.1%. Hence this study failed to confirm whether the neT/'J' 
software version has been improved in the accuracy of its 
stage-scoring. 
On the other hand, based on the candidate's experlence 
and discussion with the staff In our sleep laboratory, the 
new version indeed demonstrated technical improvement (e.g., 
time pre-set system was available, which could define each 
epoch precisely) . It is based on this technical improvement 
that epoch-by-epoch comparison is possible. However there are 
still some unsatisfactory features. For instance, since the 
later version includes a sensitive EMG detector, if the ga1n 
of EMG level 1S too high in a recording, the Stager will tell 
the operator to re-set it again only after the whole running 
process (about half an hour) is finished and thus is time-
inefficient. 
Both the results of the Intra-Stager Agreement and the 
Scorer-Stager Agreement showed that the degree of agreeability 
in scoring REM sleep by the Sleep Stager were satisfying in 
this study, and it may indicate that the later version has 
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been improved In scoring REM with EMG dectectors. 
The greatest disagreement was found in stage 1 both i n 
the measuring of the Intra-Stager Agreement and the Scorer-
Stager Agreement, and this may be due to the lack of 
characteristic description in the definition of stage 1 In 
the standard stage-scoring manual. 
The results of this study found that the Sleep Stager 
(version 5.4) tended to score sleep best in those epochs which 
were most easily recognized (e.g., stage REM with typical 
rapid eye movements 
well-defined sleep 
and relaxed muscle tone, 
spindles, and stage 4 
stage 2 with 
with almost 
continuous delta activity, etc.). Most of the inconsistently 
scored epochs seemed to be In the stage-transitional periods. 
It was poorest in scoring those epochs which contained 
artefacts. 
Regarding the difference between applying the Stager on 
the normal subject group and the patient group, both the 
results of Intra-Stager Agreement and the Stager-Scorer 
Agreement showed that the Sleep Stager scored sleep 
statistically significantly better in the normal group than 
in the patient group. 
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Because the standard criteria only define s 7 stages 
(stage NREM 1, 2, 3, and 4; REM; awake; and movement time) , 
a practical difficul ty is that one may sometimes find it 
impossible to classify some epochs (e.g., epochs with gross 
artefacts, etc.) into those stages. Therefore, the candidate 
suggests that an additional stage, for describing situations 
different from normal sleep stages or those with artefacts, 
is required for scoring those epochs which are difficult to 
classify or score according to the present standard criteria. 
To conclude, the Sleep Stager (version 5.4) has certainly 
solved some of the previous technical problems and can score 
sleep well in those epochs which are most easily recognized, 
but is still weak in scor~ng those epochs which contain 
artefacts or the stage-transitional periods. In addition, the 
Sleep Stager can certainly save the investigators a lot of 
time, especially in dealing with large number of recordings 
in a big research project. But one should be aware that the 
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